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1. INTRODUCTION

This part of the document describes the digital computer program devel-

opedto solve the problem of optimizing the wing camber surfaces for wing-

body combinations at supersonic speeds. In addition, the program will solve the

idirect problem of calculating the pressures, forces, and moments on a given

configuration, and the indirect problem of determining the wing shapefor a

given lift distribution. Thetheoretical considerations underlying the method
are presented in references 1 and 2.

The complete program consists of four sections: Geometry Definition,

Geometry Transformation, Geometry Paneling, and Aerodynamics. The first

three sections present, in a form acceptableto the Aerodynamics section, a

geometric description of the configuration under study. A wing alone, body
alone, or wing-body combination may bedefined. Basically, the geometry
Isections redefine the body as an equivalentbody of circular cross section. The

wing, andthat part of the body in the region aft of the wing leading-edge inter-

section, are subdivided into a large number of panels. The wing may be de-

fined to have thickness or may consist of a camber surface only. The Aero-

dynamics section then solves the problem by first computing the velocity
componentsinduced by the various singularities that represent the configuration.
The body thickness and camber effects are represented by line sources and

doublets along the body axis, andwing thickness effects by a distribution of
sources located in the wing reference plane. The effects of camber and in-

cidence of the wing, together with any residual interference effects, are sim-

ulated by a surface distribution of vortices on the wing andbody. Oncethe

velocity componentshave beencomputed, the program determines the strengths
of the singularities required to satisfy the given boundary cond.itions. The

program selects the boundary conditions appropriate to the particular direct,

indirect, or optimization problem being considered, and solves the problem.

This Part of the document is a guide for program maintenance. An outline

)f the program structure is followed by a detailed description of each section of

_he program. The section on program use contains the input format; timing



and output estimates, andthe required machine components. Input and output

formats of a sample case are also included. The section for program records

contains flow charts, overlay diagrams, and descriptions of each subroutine.

A program listing and other appendixescomplete this Part of the document.



2. DESCRIPTION

The digital computer program described in this section hasbeendeveloped

to solve the problem of optimization of wing camber surfaces for wing-body

combinations at supersonic speeds. Direct andother indirect aerodynamic

problems can also be solved.

The program is codedin FORTRANYv" and MAP languages for the IBM

7090/7094 (32K) digital computer under the Systems Monitor, IBSYS Version

12. It is compatible with the NASA-Ames direct-coupled IBM 7040/7094 com-

puter system. Because the program exceeds the capacity of a single core load,

the Loader Overlay feature is used, which allows the complete program to be

subdivided into several smaller segments, or links. The links are processed

in a specified order to solve a particular problem.

The complete program consists of four sections: Geometry Definition,

Geometry Transformation, Geometry Paneling, and Aerodynamics (see section

4.1). The first two sections provide a suitable geometric description of the

configuration and the third section subdivides the configuration into panels.

The Aerodynamics section performs all aerodynamic calculations and solves

the problem under consideration.

The computer is initialized by the subroutine OPCAMI and program

execution is controlled by the subroutine OPCAM, a control program located

in link 0 under the program Overlay structure. Those control cards within

the data deck that determine which program sections are used to process the

case, are read by the subroutine OPCAM and lower-level subroutines in each

of the following four program sections:

1. GEOMD in link 5 (Geometry Definition section)

2. TFLAT in link 11 (Geometry Transformation section)

3. PANEL in link 12 (Geometry Paneling section)

4. AERO in link 19 (Aerodynamics section)

Multiple cases, each involving a different wing-body configuration, can be

run. When a non-systems error condition occurs during processing within a

section of the program, an error message appears, execution of the present

case is terminated, a partial data printout is given, and the following case is

processed. Execution time averages 7 to 8 minutes for a typical body-alone

or wing-alone case (100 panels) and 18 to 20 minutes for a wing-body combina-

tion of 200 panels.



2.1 Geometry Definition Section

This part of the program defines geometrically a wing, a body, or a wing-

body combination. The definition, in the form of body meridian lines and wing

percent chord lines, is written on a tape that is read by the Geometry Trans-
formation section of the program

Meridian lines may be visualized as stringers running lengthwise along

the surface of the body. Eachmeridian line consists of a series of straight-

line segments connectingpoints on the body surface; adjacent points are con-
nected by straight lines. Constant percent chord lines, much like meridian

lines, run along the wing surface in a spanwise direction.

A body surface is specified by a set of defining sections normal to the X-
axis. Points on defining sections are given in polar coordinate form ( p, _}) or in

rectangular coordinates (Y, Z). The number of points in each section must be
the same as the number of meridian lines. Sincethe X-coordinate of each de-

fining section is known, the X, Y, Z-coordinates of each point in a section can
be computed. The first meridian line is constructed by joining the first point

in each section; succeedingmeridian lines are similarly constructed. As an

option, the meridian lines may be "enriched"; additional meridian line points

are inserted by three-dimensional interpolation from a space curve through

the original points.

Both upper andlower wing surfaces may be defined. Only the construction

of upper wing percent chord lines will be discussed, becauselater sections of
the program are presently limited to this case. Although more complicated,

the procedure is similar to that used to define the body. Percent chord lines

(enriched if desired) on the surface of the wing are computedfrom a given set
of control chords. Thesecontrol chords must be parallel to the X-Y plane but

are not necessarily parallel to the X-Z plane. In order to locate each control

chord in space, sufficient data are given to find the intersections of the chord

with the leading and trailing edgesof the given planform. The distance between

these intersections is called (in this discussion only) the "oblique chord length, "
becausecontrol chords neednot be streamwise.

The projection of wing planform in the X-Y plane is specified by a set of

points on the leading and trailing edges; the number of points in each set need
not be the same. The planform may extend past the control chord region, but

the program will reject anychord which does not intersect both the leading and

4



trailing edges. The planform may be openor closed at the wing tip. A plan-

form is closed if the leading edgeand trailing edgeintersect at the wing tip;

the generated percent chord lines will then converge to that point. If the leading

and trailing edgesdo not intersect the planform is open.

A control chord is given as a set of points in a two-dimensional coordinate

system. These points are scaled (except for zero-length chords) so that the

difference in abscissa of the first andlast points is equal to the oblique chord[
]length. This scaled chord is then placed on the planform. Wing percent chord

lines are constructed between scaled control chords.

The wing-body intersection option calculates the intersection of each wing

percent chord line with the body surface. The wing percent lines are then

truncated at the body surface.

All variable-length arrays are stored in a single buffer of 10,000 cells.

As such there are no individual limits on the number of body stations, number

of meridian or percent lines, number of chords or number of points defining

the leading and trailing edges of the wing. (However, the data are scanned and

excessively large arrays are rejected. ) Maximum sizes for data arrays are

usually set by later program segments.

2.2 Geometry Transformation Section

This section of the program reads the body and wing definitions from a tape

written by the previous section. It then transforms the body and wing to a new

coordinate system, orients the wing planform parallel to the x-y plane in this

transformed system, and finds the intersections of wing percent chord lines

with the body surface. Results are written on tapes for use by later program

sections.

Three types of configurations may be handled: body alone, wing alone, or

wing-body combination. If a body surface is involved only half of it is given;

it is assumed to be symmetrical about the X-Z plane. Then a new x, y, z

coordinate system is set up with the origin at the centroid of the forward end of

the body and the x-axis passing through the aft end centroid; the z-axis lies in

the X-Z plane. In the new coordinate system the body ends (unless of zero

radius) are not necessarily parallel to the y-z plane; this is corrected by a



linear adjustment of all x-coordinates of the body points. Also, the new body

length (distance betweenbody end centroids) may differ from the original length.

The original set of body defining stations is converted to the new coordinate

system by a transformation of the form x = {_ X + fl where _ and fl are constants.

The body radius and centroid are computed at each of these stations. In a body

alone case, the radius and centroid are then found by interpolation at a given

number of equally spaced stations.

In a wing-body combination case, the wing is also transformed to the x, y,

z coordinate system. Then the intersections of the wing leading and trailing

edges with the body surface are computed; let zA be the average of the z-coor-

dinates of these two points. The wing is effectively flattened by changing each

z-coordinate of the wing to zA. The body is then intersected by the wing per-

cent chord lines of the flattened wing.

The calculation of body radius and centroid is now resumed. A set of

equally spaced stations is chosen between the forward end of the body and the

station at which the wing leading edge intersects the body; a similar set is

selected from there on aft. The calculation of the interval between stations in

each region is subject to the constraints that the total number of stations must

agree with a given number and that the two intervals must be approximately

the same in each region.

In a wing alone case, the transformation is omitted. However, the wing

is flattened; z A is taken as the average of the z-coordinates of the inboard

point on the leading and trailing edge percent chord lines. Bodies defined by

a maximum of 16 meridan lines of 90 points each and wings of 16 percent chord

lines of 90 po_nts each can be processed.

2.3 Geometry Paneling Section

This program section panels the body and/or wing and provides additional

data required by the following section (Aerodynamics). Two cases can be given

as input to the Geometry Paneling section under the present program Overlay

setup: the wing-body case and the wing alone case. The body alone case does

not use the paneling section.

For a wing-body case, the body definition that is written on a scratch tape

by the previous section (Geometry Transformation) is read into storage by an
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input subroutine, INPUTB. The paneling is accomplished by combining this

definition with data for the body cutting planes, read from input cards. A body

cutting plane is oriented normal to the X-axis. The body panel areas are

computed, and the panel centroid and control point coordinates are calculated.

_reamwise chords are constructed through the panel control points, and the

chord lengths are calculated. Finally the panel 0 -inclination and _incidence

angles are computed. The paneling description and the additional geometric

data are written on an output tape for printout purposes and on a scratch tape

for use in the Aerodynamics section.

The wing paneling that is required for either the wing-body or the wing

alone case is obtained similarly. The wing definition written by the Geometry

Transformation section is read into storage arrays by an input subroutine,

INPUTW, and used with card input data to provide a wing paneling scheme.

Again the wing panel areas, chord lengths, and centroid and control point

coordinates are calculated. The inclination and incidence angles are defined

to be zero for wing panels since the wing is assumed to be a flat plate with no

dihedral at zero incidence. As an option, camber and thickness ordinates and

slopes are computed from airfoil ordinate tables. The wing paneling data are

written on output and scratch tapes.

Certain program restrictions are present. Though a body that closes to

a point can be defined in the definition section, such a body can not be paneled.

For this case the leading row of panels would consist of triangular, not quad-

rilateral panels. This difficulty is avoided by excluding body cutting planes

that intersect the body at the nose.

A second restriction requires a flat wing for all program cases. Under

the current Overlay scheme, however, the Geometry Transformation section

always provides such a definition. Hence this restriction results in no difficulty

to the user.

When errors occur, an error message appears, execution of the present

case is terminated, a partial data printout is given, and the next case is pro-

cessed.
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2.4 Aerodynamics Section

The aerodynamics problem is solved in three stages: (1) geometry input

and calculation of the velocity components, and (2) a preprocessing stage,

which is preparation for (3) the calculation of the aerodynamic cases. Control

of the flow through the main links of this section of the program is provided by

the subroutine AERO and is dependent on the configuration (wing alone, body

alone, or wing-body combination) used.

The wing is defined by a number of panels. For an isolated body, the

definition is given as an equivalent body of circular cross-section. In order to

compute the interference effects on the body, for wing-body combinations, the

body surface aft of the wing leading-edge intersection is also represented by

panels. The geometric definition of the configuration is read from tapes

generated by the geometry sections; this information also includes the areas,

centroids, and control points of each panel.

Velocity components due to the various singularities representing the con-

figuration are computed and stored on tape. For a wing defined to have thick-

ness, the program computes velocity components induced by sources located

in the reference plane of the wing. The effects of body thickness, camber,

and incidence are simulated by placing line sources and doublets along the axis

of the body. The effects of camber and incidence of the wing, and any residual

interference effects, are represented by a surface distribution of vorticity on

the wing and body panels. An option is provided to print out velocity components

due to the individual singularities.

The preprocessing stage consists of the following computations. The ve-

locity components are reordered and rewritten on tape. Several matrix opera-

tions are performed on the matrix of the aerodynamic influence coefficients

(the normal components of velocity due to the vortex distributions), and the re-

sults of these are also written on tape. In particular, if the matrix is repre-

sented by the following sub-matrices:
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where

[ABB ] is the influence on the body dueto the body

[AwB l is the influence on the wing due to the body

[ABw ] is the influence on the body dueto the wing

[Aww]iS the influence on the wing due to the wing

Then the following matrices are formed:

[D] = [AwB ] • [ABB ] 1

[EI=EABB ] -1 • [ABw ]

{A j= C%w]-[CAw 3. -I. [%w]]

A R is referred to as the "reduced" matrix of the aerodynamic influence

coefficients.

For optimization of the wing camber surface shape, the Lagrange multi-

plier technique is applied, and the coefficients of the resulting system of

equations are computed (see equation (126), Part I):

m m

-2A fall -(A la12+ A 2a21}. . -A 1 -x_A 1

-(A 2 a21 + A 1 a12) -A2

-A 1 -A N

-x I A 1 -x I A N
mm

@4

--AN--X N A N

0 0

0 o
ms

r "q

PW 1

Pw2

I .

Pws

A 1

m)'2 .

AI(n I + nBl)

A2(n 2 + nB2)

ANlU N + nBN)

g

M

This operation results in the formation of two matrices. The first matrix

includes wing lift and pitching moment constraints, and the second only the

wing lift constraint. For the latter case, the row and column of the matrix

corresponding to X 2 is omitted. Both matrices are inverted and stored on tape.
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The aerodynamic cases can now be computed. Additional input cards are

used to request the following cases:

1) To compute the wing camber and twist, given the pressure dis-

tribution of the wing

2) To compute the pressure distribution, given the geometry of the

configuration

3) To optimize the wing shape for minimum drag, given the wing

lift or wing lift and pitching moment constraints

In each case a drag polar may be computed by inputing a series of incre-

mental angles of attack. If a wing with thickness is specified in the input

geometry, the program provides an option to compute the pressures due to

thickness and to add them to the pressures due to camber. Another option

selects either the general nonlinear or linear equation for computing pressure

coefficients. For a given configuration and Mach number, any number of

aerodynamic cases may be computed.

Upon completion, the Aerodynamics section returns to the main link for

processing of another configuration.
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3. USEOF THE PROGRAM

3•1 Machine Components

The program is codedin FORTRANIV and MAP for the IBM 7090/7094

(32K)digital computer under the control of the SystemsMonitor, IBSYSVersion

12. As the program is organized to utilize the Overlay feature of the Loader,

IBLDR, one of the system units must be used as the input-output tape on which

the links are written. This unit is specified on the $ORIGIN control card

according to the procedure outlined in reference 3.

In addition to the input and output tapes, the program uses seven tape units

for scratch purposes. The choice of tape units to be used will depend on the

particular computer installation, and tapes must be changed as required. Sub-

routine OPCAMI (see section 4.2) initializes all the tape units by assigning

a logical number to each. To make the necessary changes, it will be sufficient

to change only the logical designations in this subroutine.

3.2 Program Timing and Output Estimates

The computer time and number of lines of printout for a single configuration

can be estimated from the following equations based on experience on the IBM

7094/M2.

-4
Time (minutes) = 2.2 + .3G + (3.8 • 10

where

• p2). A+.6C,

G indicates type of paneling:

= 0., no paneling

= 1., wing paneling only

= 2., wing and body paneling

P is number of panels. If no paneling is required, use P = 10.
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A

C

Output (lines)

where T

indicates aerodynamic calculations:

= 0., no aerodynamic calculations

= 1., aerodynamic calculations requested

is number of aerodynamic cases. Each of the following is

considered a case:

Wing optimization case;

Direct aerodynamic case;

Indirect aerodynamic case;

Each angle of a polar series.

=i00+ [500+ (10 • p1/2) . V • CI . T

indicates type of case:

= 1., wing-alone case

= 2., body-alone case

= 3., wing-body case

V indicates velocity component printout:

= 1., no velocity component printout:

= 2., velocity components requested

12



3.3 Input Data Format

SAMPLE DATA DECK

CARD TO TERMINATE
PROBLEM SET

REPEAT FOR ADDITIONAL
PROBLEMSOF DIFFERENT
CONFIGURATIONSOR SAME
CONFIGURATIONFOR OTHER
MACHNUMBERS

TWO BLANK CARDS
TERMINATE AERODYNAMIC
CASES

END OF DATA

ADDITIONAL PROBLEMS(STARTS WITH DEFINITION SET
BLANK CARD llA

BLANK CARD IIA

DATA CARDS3A-10A (LAST CASE)

DATA CARDS3A-10A(OTH ER CASE(S))

DATA CARD SETS3A-
10AMAY BE REPEAT-
ED AS MANY TIMES
AS NECESSARY(i.e.,
minimumdrag,flat

plate, constant
pressure)

DATA CARDS3A-10A (FI RSTCASE/
DATA CARD 2A

DATA CARD 1A (AE RODYNAMICSET)

•_DATA CARDS 1P-14P (GEOMETRY PANELING SET>

#
• DATA CARDS1D- 22D (GEOMETRYDEFINITION SET)

13



I GEOMETRY DEFINITION CARD SET I

All geometry definition data, except title cards and literal statements, are

punched in six-field, ten-digit format. A decimal point is required in each data

field.

For a body-alone problem definition, cards 10D through 19D are omitted.

For a wing-alone problem definition, cards 2D through 6D, 19D, and 20D

are omitted.

Column Code

Card 1D 1-6 DEFINE

Card 2D 1-4 BODY

Card 3D 1-72 TITLE

Card 4D 1-10 BNS

11-20 BTHETA

21-30 AXIS(I}

Explanation

Columns 1-6 contain the word DEFINE.

Columns 1-4 contain the word BODY.

Card 2D is used only when a body or

wing-body combination is defined.

Any desired title.

Number of defining body stations.

2. < BNS _ 50..

Number of points on each defining body

station, i.e., the number of P, 8 or

Y, Z pairs per station.
2. < BTHETA _ 16..

Y-coordinate of body definition axis.

31-40 AXIS(2) Z-coordinate of body definition axis.

41-50 CHDB Dimensional tolerance to be used in

generating additional body meridian

line points between given stations. If

CHDB _ 0. or if BNS < 4., no addi-

tional points will be generated. If

0. < CHDB < 0.001, then a value of
0. 001 will be used.

14



Column Code Explanation

Card(s) 5D 1-10 01
(3 maximum)

51-60 06
etc •

Card(s) 6D* 1-10 STA

(50 maximum)

11-20 YZ(1)

21-30 YZ(2)

31-40 SCODE

Note--if options 1, 4, 5, or6

are designated, the added infor-

mation card(s)7D, 8D, or 9D
must be inserted behind that

station card 6D and before the

next station card 6D.

*One card is needed for each

defining station•

Array of angles (0), in degrees at each

defining station. There must be exactly

BTHETA angles _< 16, six per card.

X-coordinate of body station.

A Y-increment added to body definition

axis to establish a local origin from

which all P, 0 for this station are
measured.

A Z-increment added to body definition

axis to establish a local origin from

which all P, 0 for this station are

measured.

= 0. this cross section is identical to

previous section•

1. this cross section is specified by

BTHETA values of p (on cards 7D).

The 0-array of card(s) 5D will be
used.

2. this cross section is a circle.

(Radius given in columns 41-50. )

3. this cross section is an ellipse.

(Horizontal semi-axis is given in

columns 41-50, the vertical in

columns 51-60. )

4. this cross section is circular

(radius given in columns 41-50) with

an angle array (on card(s) 8D) differ-

ent from the e-array on card(s) 5D.

This option allows local deviations in
the meridian lines.

5. this cross section is specified by

a set of p (on card(s) 7D) and by a

nonstandard set of 0 (on card(s) 8D).

15



Column Code Explanation

41-50

51-60

Card(s) 7D 1-10

(3 maximum :

per station) 51-60

Card(s) 8D 1-10

(3 maximum :

per station) 51-60

Card 9D 1-10

(6 maximum

per station) 11-20

21-30

31-40

41-50

51-60

Card 10D 1-4

RAD(1)

RAD(2)

etc. P6

e
1

0 6eta.

Y1

Z 1

Y2

Z 2

Y3

Z 3
etc.

WING

Card liD 1-72 TITLE

Card 12D 1-10 PNLE

= 6. this cross section is given by a

set of Y, Z pairs (on cards 9D).

Radius of section if SCODE = 2. or 4..

Horizontal semi-axis if SCODE = 3..

Not used otherwise.

Vertical semi-axis, if SCODE = 3..

Not used otherwise.

A set of body radii Pif SCODE =1. or
5.. There must be BTHETA _< 16

values of P.

A set of 8 if SCODE =4. or 5.. There

must be BTHETA _< 16 values of {}.

Array of Y, Z coordinate pairs if
SCODE = 6..

Columns 1-4 contain the word WING.

This card is used whenever a wing is

defined• For the case of a body alone,

omit cards 10D through 19D• After

reading a WING card, the program

expects wing definition data.

Any desired title•

Number of corner or break points de-

fining the planform leading edge.

lb



Card 13D

Card(s) 14D

Card(s) 15D

Column

ii-20

21-30

31-40

41-50

51-60

i-i0

11-20

21-30

i-i0

11-20

21-30

31-40

41-50

51-60

1-10

11-20

21-30

31-40

41-50

Code

PNTE

AFN

PLN

WUL

CHD

PCODE

ACODE

EPS

X 1

Y1

X 2

Y2

X 3

Y3
etc.

X 1

Y1

X 2

Y2

X 3

Explanation

Number of corner or break points de-

fining the planform trailing edge.

Number of planform control chords.

AFN >_2., including the wing-tip
control chord.

Number of constant percent chord

lines used to form spanwise panel edges.

Wing leading and trailing edges are
counted in this number.

= 1.

Must be left blank.

= 1.

= 1.

Must be left blank.

Array of points defining the planform

leading edge, arranged in order from
inboard to outboard. There must be

PNLE point pairs; three coordinates

per card.

For wing-body combinations, X 1 and

Y1 must lie inside the body so that an
intersection can be calculated.

Array of points defining the planform

trailing edge, arranged in order from
inboard to outboard. There must be

PNTE point pairs; three coordinates

per card.

For wing-body combinations, X 1 and

Y1 must lie inside the body so that an
intersection c an be calculated.

17



Column Code Explanation

51-60 Y3
ete.

Cards 16D Cards 16D and 17D always occur in pairs (unless AFNU = 0. on

card 16D) to define the wing control chord. There must be

AFN _ 2. pairs of 16D and 17D cards.

1-10 AFK Code to indicate how the control chord

is oriented on the planform. See

sketches below.

YL
, _Y

_xi CONTROL

CHORD

112_

X
AFK= 1.

LEADINGEDGEPOINT
DEFINESCONTROLCHORD

YT
_Y

t

:_2 X1 CONTROL

CHORD

X X
AFK=2.

TRAILINGEDGEPOINT
DEFINESCONTROLCHORD

YL = YT
_y

t,,.i
I "4.x1 CONTROL

ORD

X2

AFK = 3.

CONTROLCHORDDEFINED
BY BOTHLEADINGAND
TRAILINGEDGEPOINTS

INTERNALWINGCONTROLCHORDDEFINITION,/_=-0

YL

X

AFK = I.

YT

I

,/1

TIP CONTROL
_CHORD

AFK = 2.

YT YL
_=y

t I
! I
! !

TIP CONTROL
_CHORD

AFK = 3.

WINGTIP CONTROLCHORDDEFINITION,/]_;0

18



Column Code Explanation

Card(s) 17D

Card(s) ISD

11-20

21-30

31-40

41-50

i-i0

11-20

•21-30

31-40

i-i0

51-60

BETA

YL

YT

AFNU

X o

Z o

X C

Z C

P1

etc.P6

Two of the three quantities YL, YT, or

B must be given. AFK indicates the

appropriate pair.

The angle B, zero for all wing control

chords, except the wing tip (positive

as shown above). BETA is ignored if
AFK = 3..

Y-coordinate of the leading edge.

YL is ignored ifAFK = 2..

Y-coordinate of the trailing edge.

YT is ignored if AFK = 1..

2. the height and true chord length

are specified on the following card
17D.

0. the previous 17D card values are
used. Card 17D should not follow if

AFNU = 0..

=0.

Z-coordinate at the leading edge of
control chord•

The control chord true length. If

Z O = Z C = 0, X C may be given an arbi-
trary length, which is then scaled by

the program to make X C equal to the
true chord length.

Z-coordinate of control chord at the

trailing edge•

Array of constant percent chord values

corresponding to the panel spanwise

edges. The leading-edge value Pl = 0..

There are PLN values required with the

last value (for the trailing edge) = 100.
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Card 19D

Card 20D

Card 21D

Card 22D

Column

1-3

I-i0

11-20

1-5

1-6

Code

WBX

TDUMP

DEFEND

Explanation

Columns 1-3 contain the letters WBX.

This card indicates that a wing-body

intersection is desired. For wing

only or body alone cases, this card is

omitted.

1. linear interpolation used on body

station perimeters to compute addi-

tional points between meridian lines

in the wing intersection region.

2. biquadratic interpolation used on

body station perimeters to compute

additional points between meridian

lines in the wing intersection region.

Dimensional intersection tolerance.

Specifies the accuracy desired in locat-

ing wing-body intersection points. A

value of 0. 001 is suggested.

Columns 1-5 contain the letters TDUMP.

This card is included if a dump of geo-

metry definition and geometry transfor-

mation tapes is desired. See Appendix
C for a detailed description of these

tapes.

Columns 1-6 contain the word DEFEND.

This card ends the definition set and

must not be omitted.
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GEOMETRYPANELING CARD SET I

All paneling data, except title cards and literal statements, are punched in

six-field, ten-digit format. A decimal point is required in each data field.

For body-alone case, cards 3P-14P are omitted.

For wing-alone case, cards 4P-7P are omitted.

Card IP

Card 2P i-i0

Column Code

1-5 PANEL

11-20

21-30

Explanation

Columns 1-5 contain the word PANEL.

This is the first card in the paneling

link and must always follow the
DEFEND card.

The number of source control stations

at which the radius for an equivalent

body of circular cross section and the

actual body station centroid height are

computed. A maximum of 50 stations

may be requested. The radius at each
control station is used to determine the

source strength necessary to simulate

the body thickness. In wing-alone prob-
lem card 2P is blank.

Dimensional tolerance applied to the

additional points generated between

meridian lines on the perimeter of body

defining stations. This controls the
area and centroid location calculations.

A value of 0. 001 is suggested.

This field contains an interpolation

code. The program first determines

an equivalent radius, R, at each body

defining section, X, and then estab-

lishes an R vs. X array. Interpolation
for additional radii at other stations is

performed on this array. The same

technique is used to determine centroid
locations.
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Column Code Explanation

1. linear interpolation for equivalent

radii and centroid locations of the

source control stations that are be-

tween body defining stations.

2. biquadratic interpolation for

equivalent radii and centroid locations

at the source control stations that are

between body defining stations.

31-40

41-50

Card 3P 1-10 XPER

Card 4P

11-20 YPER

i-I0 BODY PANEL

1. linear interpolation between

meridian line points on the body

definition sections.

= 2. if biquadratic interpolation is
desired.

A dimensional tolerance value, E, such

that if any equivalent radius length or

centroid height, (z centroid), is less

than E, its value will be set equal to

zero. A value of 0. 001 is suggested.

Fraction of local streamwise panel

chord at which panel control point is

located. 0. < XPER < 1..

NOTE: XPER = .95 for all cases

discussed in this report.

Fraction of local panel width at which

panel control point is located.
0. < YPER< 1..

NOTE: YPER = O. is a code used

to locate the panel control

point on the chord through the

panel centroid. YPER = 0.,

for all cases discussed in this

report.

Columnsl-10co_ainthe words BODY

PANEL.
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Card 5P

Card(s) 6P

Card(s) 7P

Column

1-10

11-20

21-30

i-i0

51-60

1-10

51-60

Code

PLNB*

PLNW*

TOLB

XC E? T B 1

XCEPTB 6
etc.

COD.EBW 1

CODEBW 6
etc.

Explanation

Number of transverse body panel edges

aft of wing trailing edge-body inter-

section _ 21. If PLNB = 0.,
omit card 6P.

Number of transverse body panel edges

within the wing body intersection

region _ 16.

Slope tolerance on body secondary panel

part leading edges• Panel parts with

slopes _ _--_ = TOLB (in the local)

panel coordinate system) are eliminated•

TOLB = 0.02 is suggested•

x-values of transverse body panel edges

aft of the wing trailing edge- body

intersection• There are PLNB values•

Omit this card(s) if PLNB = 0.

Each field contains an integer identify-

ing those spanwise wing panel edges

which continue around the body to form

transverse body panel edges at the body

intersection• The table must always

start with the integer 1 and terminate

with the wing trailing-edge number.
There are PLNW values.

Card 8P i-I0

Card 9P i-i0

*(PLNB + PLNW) <_ 21

WING PANEL

PLANE

Columns 1-10 contain the words WING

PANEL•

Number of buttock lines which locate

the streamwise wing panel edges speci-

fied by cards 10P and llP.

Wing-alone problem: PLANE is the

number of buttock lines locating the

streamwise panel edges including both

the wing tip and centerline.
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Column Code Explanation

Wing-body problem: PLANE is the

number of buttock lines locating the

streamwise panel edges, but does not

include the inboard edge located by the

program at the wing-body intersection.
PLANE _> 2.. See sketches below.

I
J

_P

X

I I,y
I I

(I) (2)(3)

(3)

/,/ I c,>

RO-LE AKED
WINGCONTROL WINGCONTROL
CHORD CHORD

(1) (2) (3) (4) (5) (6)
:Y\

PLANE= 4, PLANE=-6,

11-20

21-30

OPTF

SNUM

I. upper and lower airfoil ordinates

are read in (cards 12P and 13P) at

each wing buttock line passing

through the panel centroids. If the

wing is untwisted and has the same

airfoil section from root to tip, only

one airfoil table is necessary. The

program will scale this table to fit

the appropriate chord.

= 0. no tables are read in and the wing

is a flat plate at zero incidence.

Number of given airfoil ordinate tables.

= 0., OPTF =0.

24



Card(s) 10P

Column

31-40

1-10

51-60

Code

TOLW

YCEPT 1

YCEPT 6
etc.

Explanation

= 1., same airfoil section from wing

root to tip.

= (PLANE - 1), wing alone case airfoils

specified.

= PLANE, wing-body case airfoils

specified.

Slope tolerance on wing secondary panel

part leading edges• Panel parts with

slopes _ -_ = 'rOLW are elimi-

nated. TOLW = 0.01 is suggested.

Wing buttock line values at which

streamwise panel edges are specified•

There are (PLANE -1) values• The tip

edge is specified on card llP.

NOTE: This card controls the outboard

panel edge and in no way influ-

ences the spanwise edges which

are established by the geometry

definition. The outboard panel

edge is usually made coincident

with the definition wing tip, but

it may be used to truncate the

defined wing tip and the spanwise

panel edges anywhere between the

two outboard wing buttock lines

specified by card 9P. If trun-

cation is specified, the wing
span and area are reduced.

Card Ii P 1-10 CPNT Code indicating how the most outboard

panel edge or wing tip is specified.

= 0. X and Y coordinates of the wing

tip leading and trailing edge are

given. Use VALUE(I) through (4).
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Column Code Explanation

Cards 12P

First

Card

Second

Cards

1. X and Y coordinates of the leading

edge and the slope (AX/AY) of the

wing tip are given• Use VALUE(l),

(2) and (5).

2• X and Y coordinates of the trailing

edge and the slope (AX/AY) of the

wing tip are given• Use VALUE(3),

(4)and (5).

11-20 VALUE(l) X-coordinate of wing tip leading edge if

CPNT = 0. or i..

21-30 VALUE(2) Y-coordinate of wing tip leading edge if

CPNT = 0• or I..

31-40 VALUE(3) X-coordinate of wing tip trailing edge

if CPNT = 0. or 2..

41-50 VALUE (4) Y-coordinate of wing tip trailing edge
if CPNT = 0. or 2..

51-60 VALUE(5)
AX

wing tip slope, _-_, if CPNT = 1. or 2..

Cards 12P and 13P give the SNUM sets of airfoil coordinates.

These card sets (12P and 13P) are always used in pairs to define

each airfoil at a given panel centroid buttock line. The card sets
are omitted if OPTF = 0..

1-10 XN'UM(1)

i-I0 XFOIL 1

11-20 ZFOI 

41-50 XFOIL 3

51-60 Z FOIL 3
ete.

Number of points (X, Z coordinate

pairs) in upper surface airfoil ordinate

table. 4. _ XNUM(1) < 25..

Upper surface airfoil ordinate table•

Local X and Z coordinates are given

from leading edge to trailing edge. If

the wing has no twist, an unscaled set

of ordinates may be given and the pro-

gram will scale the airfoil to the local
chord.
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Cards 13P

First

Card

Second

Cards

Card 14P

Column

1 -I0

i-i0

11-20

41-50

51-6O

1-6

Code

XNUM(2)

XFOIL 1

Z F?IL 1

XFOIL 3

Z FOIL 3
etc.

PANEND

Exphmation

Number of points (x, z coordinate

pairs) in lowcr surface airfoil ordinate

table• 4. _ XNUM(2) _ 25..

Lower surface airfoil ordinate table•

Columns 1-6 contain the word PANEND.

This card ends the paneling set and

must be used whenever any paneling is

performed. It is not needed for a body-

alone problem.
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AERODYNAMIC CARD SET ]

All aerodynamic data, except title cards and literal statements, are punched

in seven-fie!d, ten-digit format. A decimal point is required in each data field.

Data cards 1A and 2A are input only once for a given configuration and Mach

number. The remaining aerodynamic data cards may be repeated as necessary

to solve the selected aerodynamic cases.

Card 1A

Card 2A

Column Code

1-11 AERODYNAMIC

1-10 XMACH

11-20 SYM

Explanation

Columns 1-11 contain the word AERO-

DYNAMIC.

Mach number.

= 0. the aerodynamic problem solved

is unsymmetric about the vertical

X-Z plane (image panels not included}.

= 1. the aerodynamic problem solved

is symmetric about the vertical X-Z

plane (image panels included).

Card 3A 1-72 TITLE

Card 4A 1-10 CASE

Any desired title.

1. calculates wing twist and camber

for a given A Cp distribution on wing
where

A Cp = Cp lower - Cp upper

2. calculates pressure distribution

over the configuration. Wing and

body camber can be changed within

this option.

3. optimizes wing twist and camber

for minimum drag.

NOTE: For body-alone problems, only

case = 2. option is available.
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Column Code Explanation

Card 5A

Card(s) 6A

11-20 CPCALC = 0. Cp calculations use linear equation;

Cp = -2u.

21-30 POLAR

= 1. C_ calculations use nonlinear

equation;

u2 2 2
Cp = -2u + _ - v - w .

= 0. drag polar not requested.

1. drag polar requested. A series of

incremental angles of attack is spe-
cified on cards 10A.

31-40 THICK = 0. wing thickness pressures are not
calcul_ed.

= 1. wing thickness pressures are
calculated.

41-50 VOUT = 0. the velocity components are not

printed.

= 1. the velocity components are

printed.

1-10 RFAREA Half-wing reference area. If this field

is left blank, the program sums the

wing panel areas to obtain the reference

area which is the half wing exposed

area. For the body-alone problem, a

value mus____tbe input, or a unit area is
used.

11-20 XP x-coordinate about which the pitching

moments are computed.

21-30 ZP z-coordinate about which the pitching

moments are computed.

For configurations that include a body, two options are available

for specifying body camber. The first word on the first card is

the key to the type of input the program expects. Omit this card

set for wing-alone problems.
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Column Code Explanation

Card(s) 7A

1-5

7 -80

1-80

GIVEN

Any addi-
tional

identifying

symbols

Any

identifying

symbols

Option A
Columns 1-5 contain the word GIVEN•

The program takes the body camber to

be that calculated in the geometry defi-
nition section. No additional cards are

necessary for this option.

Option B

The first card contains any arbitrary

identifying symbols (other than GIVEN

or CONSTANT as the first word) to

describe the body camber and the pro-

gram expects additional cards immedi-

ately following to specify the body

camber.

I-I0 z 1

61-70 z7
etc.

z-values or cross-section centroid

heights for Option B giving the body
camber at the x-locations of the source

control stations (see Card 2P). To
determine the exact source control

stations, it is necessary to have pre-

viously run the configuration through

the geometry sections of this program.

Calculates wing twist and camber for a given wing AC_ distribution

(CASE = 1., field 1 of card 4A). Two options are ava_able for spe-

cifying the ACp distribution. These options are selected by the
first word on the first card of this set. Omit this set for body-

alone problems or CASE = 2. or 3..

1-8

9-8O

CONSTANT

Any addi-
tional

identifying

symbols

Option A
Columns 1-8 contain the word CON-

STANT. This option restricts the wing

to have a constant ACp distribution•
This constant value is specified on the

following card.

1-10 A Cp for Option A.
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Column Cod_____e Explanation

1-80 Any

identifying

symbols

1-10

61-70 _'Cp7
etc.

Option B

The first card contains any appropriate

identifying symbols (other than GIVEN

or CONSTANT as the first word) to

select Option B. A Cp for each panel is
specified on the following card set.

A Cp'S for Option B. This array must
be ordered starting with the inboard

panel at the leading edge and running

aft to the trailing edge, then proceeding

outboard to the tip in the same manner.

Card(s) 8A Calculates the pressure distribution over the configuration (CASE =

2., field 1 of card 4A). Three options are available for specifying

the camber shape of the wing. The options are selected by the first

word on the first card of this set. Omit this set for body-alone
problems or CASE = 1. or 3..

1-8

9-80

CONSTANT

Any addi-

tional

identifying

symbols

Option A
Columns 1-8 contain the word CON-

STANT. This option restricts the wing

camber shape to have a constant slope

for each wing panel. This constant

value is specified on the following card.

1-10 z/Sx A z/& x for Option A.

1-5

7-80

GIVEN

Any addi-
tional

identifying

symbols

Option B

The wing camber shape is specified by

the input geometry. The panel slopes

are read internally from a tape gener-

ated in the paneling section of the pro-

gram. In this case, no additional cards

are necessary.

1-80 Any

identifying

symbols

Option C

Any appropriate identifying symbols

(other than GIVEN or CONSTANT as the

first word) on the first card of this set

are used to select this option. The wing

camber shape is specified by a slope for

each panel. Additional cards must be

input which contain the slope values.
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Column Code Explanation

Card 9A

Card(s) 10A

1-10 _ Zl/AX 1

61-70 _ z7/l_ x 7
ete.

Wing panel slopes for Option C. The

array must be ordered starting with the

inboard panel at the leading edge and

running aft to the trailing edge, then

proceeding outboard to the tip in the

same manner.

Optimizes wing twist and camber for minimum drag (CASE = 3.,

field 1 of card 4A)° Tw....._ooptions are available• The first option
optimizes the wing for a given wing lift constraint and the second

option optimizes the wing for both the wing lift and center of pres-

sure constraints. Only one data card is required. Omit this card

for a body-alone problem or CASE = 1. or 2..

1-10 CONSNT = 0. the wing is optimized for minimum

drag with a wing lift constraint.

1. the wing is optimized for minimum

drag with both wing lift and x-coordi-

nate of the center of pressure
constraints.

11-20 C LBAR Wing lift coefficient constraint.

21-30 XCPBAR The x-coordinate of the wing center of

pressure constraint• If the center of

pressure is not constrained, omit this
field•

When the drag polar option is selected (POLAR = 1., field 3 of

card 4A), the values of incremental angles of attack added to the

immediately preceding case of the defined configuration are given

here. These values in degrees are specified in columns 1-10, one

value per card for as many cards as necessary. The angle of

attack series will be terminated by a blank card. Omit these cards

if the polar option is not selected (POLAR = 0. ).

NOT E: Additional aerodynamic cases may be requested by return-

ing to card 3A or the aerodynamic cases for this configura-

tion and Mach number may be terminated by proceeding to
cards llA.
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Cards 11A

Terminal

Card

Column Code Explanation

Two blank cards must be placed behind the last data card of each

problem, to terminate the selected aerodynamic cases for a given

configuration and Mach number.

Additional problems (new configurations or Mach numbers) may be

stacked consecutively each starting with card 1D.

Finally, a data card with the words END OF DATA punched in
columns 1-11 will terminate the run.

33



3.4 SampleInput and Output Data
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Sample l)_lta Printout

Tile computer output for a sample case is given on tile l'ollowing pages:

Data card listing 40

Definition 42

Body definition 43

Wing definition 58

Intersection 68

Transformation 7 0

Transformed body description 71

T ransformed wing description 7 8

Transformed intersection 80

Body section radius and centroid coordinate vs x-array 81

Paneling 82

Body paneling data 82

Additional body geometry data 85

Wing paneling data 87

Additional wing geometry data 90

Aerodynamic s 92

Case 1, wing and body at zero degrees 93

Case 107

Case 121

Case 13 5

Case 149

Case 163

2, wing and body at 2 degrees

3, wing and body at 3 degrees

4, wing and body at 4 degrees

5, wing and body at 5 degrees

6, wing optimized for a lift coefficient constraint of O. 1
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4. PROGRAM RECORDS

4.1 Flow Charts

A program flow chart, supplemented by flow charts of each of the four main

program sections, and a program overlay structure diagram are presented in

this section.

PROGRAMFLOWCHART
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_" DEFINITION .... "I
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I i
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ENTRY
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BODY
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AERODYNAMICSECTION
FLOWCHART

BODY-ALONE
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PROGRAMOVERLAYSTRUCTURE
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PROGRAM OVERLAY STRUCTURE (CONT°D)
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PROGRAMOVERLAYSTRUCTURE(CONT'D)
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The subroutines listed alphabetically in the accompanying index (with the

exceptions noted) are discussed in this section.

Subroutine Index

Subroutine Page No. Subroutine Page No.

ACOS 190 CNTRLW 235

AERO 191 CP 237

ALPHAB 193 CRNRB 239

AMATE 195 CRN-RW 244

AREAP 197 CVE L 248

ARFREE (See Appendix A) DATE 250

ARFUL (See Appendix A) DCPD 251

ARSECR (See Appendix A) DCPI 252

ASIN 199 DE FE N1 254

ATN1 200 DEFEND 255

BCUTX 201 DISPTA 257

BITURP 202 DMAXL 258

BLDM 204 E LLIPR 259

BODCR 206 ENRYCH 260

BODY 208 EVAL 262

BODY1 211 FASNCS 265

BODY1M 214 FDATE 266

BODYIR 215 FFSF 267

BODYIS 217 FFSR 268

BSCALE 219 FORCES 270

CAMBW 220 FROOTA 273

CAMBWB 221 FSF 275

CEGAR 223 FSR 276

CENTRD 224 FTAN 277

CHECK 227 GEOMD 278

CHORDW 229 IADARY (See Appendix A)

"_T T_ _ I_ee _nnendix AI T_PR (See Appendix A)
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Subroutine

IDLETE
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OPTIM3
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PA RTV

POLXN

QRAT

Page No.

(See Appendix A)

(See Appendix A)

280

281

283

284

286

288

(See Appendix B)

289

291

292

(See Appendix A)

(See Appendix A)

(See Appendix A)

293

(See Appendix A)

298

301

3O2

303

304

3O6

3O8

310

312

314

316

318

320

321

324

326

328

Subroutine

READ

REDUCE

RICH3A

RICHNA

RITE

SINVRT

SLOPEW

TAN

TDUMP

TFLAT

TFLAT1

TFLATM

TFLATW

T FLA TX

THETAB

TRAPCT

TRAV

TROTPT

TVE L

UFOOL

UPDATE

UVECN

VCROS

VDOTN

VDOTP

WBX

WBXA

WBXC

WBXD

WBXUL

WBXX

WING

WlNG1

WING1A

Page No.

330

332

334

337

339

(See Appendix B)

341

346

347

348

354

356

357

358

359

361

362

363

364

(See Appendix A)

(See Appendix A)

367

368

369

370

371

374

375

377

379

383

386

389

392
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Subroutine

WINGIB

WING2

WING2P

Page No.

395

397

402
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Subroutine

WINGA

WLDM

Page No.

4O3

411



SUBJECT: FORTRAN IV Subroutine ACOS

(See subroutine FASNCS)
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SUBJEC T:

PURPOSE :

M E THOD:

FORTRAN IV Subroutine AERO

To control the flow through the Aerodynamics section of the

program.

The flow to the main subroutines of the aerodynamics link::

is controlled by this subroutine for the three possible con

figurations (wing alone, body alone, and wing-body combi

nations).

SUBROUTINEAERO

BODYALONE

CALL AMATE

=3

WINGALONE

CALL INVW
WING-BODYCOMBINATION

CALLINVBB
CALL REDUCE
CALLINVRW
CALL PARTV

CALL MDMATE

CALL FORCES

RETURN

]
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USAGE :

SUBPROGRAM S

CALLED:

CALL AERO

COMMON

Input:

DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWING, XMACH, SYM,
KACE

AMATE

INVW

INVBB

REDUCE

INVRW

PARTV

MDMATE

FORCES

KACE = Indicates type of configuration.

= 1, wing alone

= 2, body alone

= 3, wing-body comgination

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE:
5410 = 668
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SUBJECT:

PURPOSE :

M E THOD:

FORTRAN IV Subroutine ALPHAB

To calculate body panel alpha-incidence angles.

The program calculates the panel alpha-incidence angle by

use of a geometric function. For an arbitrary body panel,

the incidence angle, _, is the angle of the panel in the x',

y,, z v coordinate system of the panel as viewed down the

y'-axis. The x'-axis of this system is parallel to the x-axis

of the body coordinate system, though this is not true for

the y, and z v axes for a panel of nonzero 0-inclination.

For a body panel defined as follows,

(xl'Y_

(x3,Y3,Z3_-_
(xi ,Yi,zi)

i(x2,Y2,Z2)

(xj,yj ,zj )1_ (x4,Y4,z4)

the o_-incidence angle is calculated by the following

formula, which involves the inclination angle 0,

(_ :tan- l_(z 1 - zi) cos 0 - (Yl - Yi) sin 0 1

L (x I - xi) J
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USAGE :

SUB PRO GRAM S

CALLED:

ERROR R]_TURNS:

STORAGE :

COMMON (See subroutine OPCAMI for unlabeled COMMON

description)

COMMON /COM1/ (See subroutine PANEL)

Input: NPER1
NPLN1

COMMON /COM2/ (See subroutine BODY)

Input: K PANE L
XCOR

YCOR

Z COR

XINT

YINT

ZINT

THETA

Output: ALPHA

CALL ALPHAB

ATAN

SIN

COS

N one

Built-in functions

36210 = 5528
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SUBJECT: FORTRAN IV Subroutine AMATE

PURPOSE : A subroutine to control the flow through a section of the

aerodynamic links of the program.

M E THOD: The flow is illustrated in the following diagram.

Subroutine AMATE

Body Alone

CALL INTAPE

(Input of geometrical data)

I WingAlone

ng-Body combination

=0 ,l
CALL EVAL
CALL TVEL

(ComputeveIocity components
due to wing sources)

CALL EVAL

(Computeaerodynamic
influence coefficients)
(Computevelocity components
due to vortex distribution)

t
I RETURN
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USAGE : CALL AMATE

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWlNG, XMACH, SYM,

KACE

/BLOCK/X{200, 3, 4}, Y{200, 3, 4}, Z(200, 3, 4}, XBAR{20

YBAR(200}, ZBAR(200}, XC(200), YC(200), ZC(200),

THETA(200), ALPHAS{200}, AREA(200), CHORD(200),
NPART(200}, NPANEL, ISYM, A(200}, U(200), V(200},

VPM(200}, VV{200}, W{200}, WPM(200), WW(200), VPMM(20

WPMM{200), ALPHAC(100}, ALPHAT{100)

Input: KACE = 1, indicates wing-only case.

= 2, indicates body-only case.

= 3, indicates wing-body case.

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE : 1167110 = 266278
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine AREAP

To calculate the area of a panel.

Area S of a panel is obtainedby dividing panel into two tri-
angular subpanels, using a vector cross-product routine to
calculate the area of eachsubpaneland summing these two
results for the area of the panel. For example, a quadri-
lateral panel,

is divided into two subpanels, thus:

USAGE:

and areas S 1 and S2 of each subpanel are calculated and
summed for panel area S.

S1 + S2 = S

The subroutine also calculates ratio R of area S 1 of sub-

panel 1, to panel area S,

R = S1

S

This value is used in other subroutines.

DIMENSION X(16, 16), Y(16, 16), Z(16, 16), S(15, 15),

R(15, 15)

xIx, y, and z coordinates of panel corner
Y =
Z points.
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S = Panel area.

R = Ratio of subpanel area to panel area.

CALL AREAP (X, Y, Z, S, R, NC, NR)

Input:
Y (see above)
Z

NC = Number of panel columns.
NR = Number of panel rows.

Output: S I
J (see above)R

SUBPROGRAM

CALLED:

ERROR RETURNS:

STORAGE :

VCROS

None

23910 = 3578
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SUBJECT: FORTRAN IV Subroutine ASIN

(See subroutine FASNCS)
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Function A TN1

To compute the arctangent, in radians.

This function has been replaced by the standard built-in
function ATAN2, with a $NAME control card.
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SUBJECT:

PURPOSE:

METHOD:

JSAGE:

SUBPROGRAM
CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine BCUTX

To find the intersections of a set of body meridian lines

with a plane normal to the x-axis.

Subroutine POLXN is used to find the intersection of each

meridian line with the plane.

Input:

Output:

DIMENSION B(1), A(2, N)

CALL BCUTX (B, N, X, EP, NA, A)

B = Array of body meridian line points, with

header (see subroutine WBXUL).

N = Number of body meridian lines.

X = Body station. The plane will be taken as
x=X.

EP = A tolerance used by POLXN in finding
intersections.

NA = Number of points inA. NA <_ N.

A = Array of points (Yi, zi) in section. These

points are in 1-to-1 correspondence with

meridian lines only if each meridian line

intersects the plane.

POLXN

None

N must be greater than zero. If a meridian line has multiple

plane intersections, the first intersection found will be used.

13310 = 2058
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRAN IV Subroutine BITURP

Given a table of y versus x and a value of x, to find the
corresponding value of y by either linear or biquadratic
interpolation.

Let n be the number of points (xi, Yi) in the given table.
Let X be the given value of x for which the corresponding
Y is desired. If n = 2, the linear interpolation mode is

selected (even if biquadratic interpolation was requested).

If x 1 < xn, the table is searched from top to bottom; other-
wise the search is from bottom to top. If X is outside the

table range, an error code is set and Y is returned as Yl

or Yn (depending on whether X is closer to x 1 or Xn). If

X = x i then no interpolation is necessary and Y = Yi.

Otherwise, the table interval that contains X is located.

For linear interpolation, the calculation of Y is trivial.

Y may be found by biquadratic interpolation if X does not
lie in the first or last table interval. For illustration of the

method, assume that x 2 < X < x 3. Fit a quadratic Q2(x)

to the points (xi, Yi), i = 1, 2, 3 and another quadratic

Q3(x) to the points (xi, Yi), i = 2, 3, 4. Find the slopes

QV2(x2) and QT3(x3). Fit a cubic to the points (x2, Y2) and

(x3, Y3) with the corresponding slopes QV2(x2) QW3(x3).
Evaluate the cubic at x = X to find Y.

However, Y is actually computed by the following inter-

polating formula (which has a continuous first derivative),

mathematically equivalent to the above method:

(x 3 - X)Q2(X ) + (X - x2)Q3(X )
y=

x 3 - x 2

Q2(X) and Q3(X) are found by subroutine QRAT.

If X lies in the first or last interval of the table, biquad-

ratic interpolation cannot be used. Y is therefore com-

puted by quadratic interpolation.

DIMENSION X(1), Y(1), NU(3)

CALL BITURP (X, Y, I, N, K, XI, YI, NU)

Input: X = Location of the firstx-coordinate in the table.

Y = Location of the firsty-coordinate in the table.
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SUBPROGRAM
CALLED :

RESTRICTIONS:

STORAGE:

i

K =

NU _-

Output: YI =

NU =

Skip number; that is, the spacing of table

values in the X and Y arrays. For example,

I = i ifX = (Xl,x2, ...)and Y = (Yl,Y2, ...);

however, ifx and y are stored in a single

array, say W = (Xl, Yl, x2, Y2,...), then
I = 2 and the subroutine call would be CALL

BITURP (W, W(2), 2, ...).

Number of points in the table.

Interpolation code (K = 1 if linear interpola-

tion; K = 2 if biquadratic interpolation).

The given value of x for which the corres-

ponding value of y is desired.

Error indicator array: NU(1) is not used,

on input. NU(2) is an output tape number

on which to write a message if an error is

detected; no message is written if NU(2) <_ 0.

NU(3) is an error message limiter; if an

error is detected, NU(3) = NU(3) - 1. Then

if NU(3) > 0 and NU(2) > 0, an error mes-

sage is written.

Interpolated value of y (if NU(1) = 0, 1, or 2).

Error indicator array: NU(1) = 0 if success;

= -1 if I <__0; = -2 if N < 2; = -3 ifx l=xn;

= 1 or 2 if X is outside the table range; = 3

or 4 if a quadratic could not be formed (be-

cause two points near the line x = X have

the same x-coordinate. NU(2) is not an out-

put. NU(3) is reduced by one if an error
was detected.

QRAT

BITURP does not check the X array to see that it is mono-

tonic. Weird results may be obtained if it is not monotonic

in the neighborhood of the interpolating interval for biquad-

ratic interpolation.

37510 = 5678
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SUBJECT :

PURPOSE :

M E THOD :

USAGE:

FORTRAN IV Subroutine BLDM

To compute the coefficients of lift, drag, and pitching

moment for the region of the body represented by panels.

The force normal to the panel is given as the product of the
dynamic pressure, surface pressure coefficient, and panel
area:

F i = q CPi Ai

Resolving into the components normal and parallel to the

free stream yields the lift and drag

L i = - F i cos 0 i

D i = F i • n i

where n i is the component of velocity normal to the x-axis
and 0. is the angle between the plane of the panel and a

panel p_rallel to the x-y plane.

The moment of force with respect to a point (x, 0, z) is

given by

M i = - L i (x i - x) + D i (z i - z)

where xi, z i are the x and z coordinates of the panel
centroid.

Finally, the coefficients of lift, drag, and moment on the

body panels are given by NM
1

C L - q • Sw _ Li

NM

1 E Di
CD - q " SW i=l

NM

1 2 Mi
CM - q " SW i=l

where Sw is the wing reference area, and NM is the num-
ber of body panels.

CALL BLDM(NM, XP, ZP, RFAREA, AREA, XBAR,

ZBAR, ALPHAM, THETAM, CPM, CL,

CD, CM)
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DIMENSION

Input: NM

XP

Output:

AREA(NM), XBAR(NM), ZBAR(NM),

ALPHAM(NM), THETAM(NM), CPM(NM)

= Number of body panels.

x-coordinate of the point about which

the pitching moments are to be
calculated.

ZP = z-coordinate of the point about which

the pitching moments are to be
calculated.

RFAREA = Wing reference area.

AREA = Array of body panel areas.

XBAR = Array of body panel centroid x-
coordinates.

ZBAR = Array of body panel centroid z-
coordinates.

ALPHAM = Array of the velocity components nor-
mal to the x-axis.

THE TAM =

CPM =

Array of angles between the plane of

the panel and a plane parallel to the

x-y plane.

Array of panel surface pressure co-
efficients.

SUBPROGRAM

CALLED: COS

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE : 11810

CL

CD

CM

= Coefficient of lift.

= Coefficient of drag.

= Coefficient of pitching moment.

(Built-in function) L

= 1668
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

FORTRAN IV Subroutine BODCR

To find the area, equivalent radius, and centroid of a body

section.

It is assumed that the body is symmetrical about a plane

parallel to the x-z plane, and that only one side of the body

is given. The body is specified by a set of meridian lines

(subroutine WBXUL). Subroutine BCUTX is used to find

the y-z coordinates of the meridian lines at a given value

of x. These coordinates form the two-dimensional points

of a body section. A test is made to see that the y-coordi-

nates of the first and last points are the same within a given

tolerance. The average of these two values is used for the

eentroid y-coordinate. Subroutine ENRYCH is called and,

if a given quantity CHD is greater than zero, additional

points on the section are interpolated. The centroid and

area of the section are found by subroutine CEGAR. The

area is then doubled to make it apply to the entire body

section. If the area is smaller than a given tolerance, the

z-coordinate of the centroid is taken as the average of the

z-coordinates of the first and last points in the section;

otherwise, the value found by CEGAR is used. The z-

coordinate of the centroid is set to zero if it is smaller

than a given tolerance. The section radius is found by

averaging the distances from the centroid to each meridian

line; if the radius is less than a given tolerance, it is set

to zero.

DIMENSION B(1), EP(5), S(2, N), E(MAXE), NU(3)

CALL BODCR (B, N, X, EP, CHD, MAXE, S, E, NE, Y,

Z, AREA, RAD, NU)

N

X

EP

CHD

MAXE =

Input: B = Body meridian line array, with

header (see subroutine WBXUL).

= Number of meridian lines.

= Body station (x-coordinate section).

= Array of tolerances.

= Tolerance that regulates the number

of points interpolated by ENRYCH

(affects only AREA and Z)°

Length of array E.
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SUBPROGRAMS

CALLED

ERROR RETURNS:

RESTRICTIONS:

ST ORAGE:

Output:

NU

S

E

NE

Y

Z

ARE A

RAD

NU

= Error indicator array. NU(1) is not

used on input. NU(2) is an output

tape number on which to write a

message if an error is detected;

no message is written if NU(2) __ 0.

NU(3) is an error message limiter;

if an error is detected, NU(3) =

(NU(3) - 1). Then if NU(3) > 0 and

NU(2) > 0, an error message is
written.

= Array of points (Yi' zi) in section.

= Scratch array.

= Number of elements in enriched

array.

= y-coordinate of centroid.

= z-coordinate of centroid.

= Area of entire section (twice area

of the half-section).

= Equivalent radius.

= Error indicator array. NU(1) = 0

if success.

ENRYCH

CEGAR

SQRT (Built-infunction)

BCUTX

A message is written if an error is detected. NU = 1 if the

number of points in the section (found by BCUTX) is less

than N or less than 2. An error of NU=2, 4, or5 is from

ENRYCH. If an error code of 3 was returned by ENRYCH,

NU is set to zero but a message is written.

CHD should be zero if the section is symmetrical about a

horizontal plane or if there are less than eight meridian
lines.

48610 = 7468
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine BODY

To serve as a control program for the body paneling sub-
routines.

Program uses a series of FORTRAN IV language "CALL"

statements to call the required body paneling subroutines.

The program contains the following labeled COMMON state-

ment that occurs in all lower level body paneling subroutines,

COMMON /COM2/ NPLNB, NPLNW, JLEAD, JTRAIL,

IMID, NPTS(16), X(16, 90), V(16, 90), Z(16, 90),

XCEPT(21), XCEPTB(21), XCEPTW(16), YCEPTW(16),

ZCEPTW(16), CODEBW(16), KPANEL(15, 20), XCOR(16, 21),

YCOR(16, 21), ZCOR(16, 21), XINT(15, 20, 2), YINT(15, 20, 2),

ZINT(15, 20, 2), XCEN(15, 20), YCEN(15, 20), ZCEN(15, 20),

XCON(15, 20), YCON(15, 20), ZCON(15, 20), AREA(15, 20),

ARAT(15, 20), THETA(15, 20), ALPHA(15, 20), CHORD(15, 20)

NPLNB = Number of cutting planes to intersect

the body fore and aft of the body-wing

intersection region.

NPLNW = Number of cutting planes to intersect

the body in the body-wing intersection

region.

JLEAD ]
JTRAIL

IMID

NPTS

xjY

Z

XCEPT

XCEPTB

XCEPTW

YCEPTW

ZCEPTW

CODEBW

= Codes for internal program control.

= Number of points on the successive body

meridian lines that define the body.

= x, y, and z coordinates of points

on body meridian lines.

= x intercepts of all body cutting

planes.

= x intercepts of those body cutting

planes that intersect fore and aft of the

body-wing intersection region.

= x, y, and z coordinates of the inter-

sections with the body of those wing per-

cent lines that define body cutting planes.

= Codes that indicate wing percent lines

that are to define body cutting planes in

body-wing intersection region.
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KPANEL Code for body panel type. If KPANEL

(I, J) = i, both additional subpanei cor-

ner points are located on panel trailing

edge. If KPANEL(I, J) = 2, inboard

point is on leading edge, and outboard

point is on trailing edge. If KPANEL

(I, J) = 3, inboard point is on trailing

edge and outboard point is on leading

edge. If KPANEL(I, J) = 4, both points

are on leading edge.

/
/

K PANEL= 1 K PANEL= 2
i

K PANEL =3 K PANEL= 4

XCOR }
YCOR

Z COR

XINT }
YINT

ZINT

XCEN }
YCEN

ZCEN

XCON 1

YCON |
Z CON J

AREA

ARAT

THETA

ALPHA

CHORD

= x, y, and z coordinates of body

panel corner points.

= x, y, and z coordinates of additional

subpanel corner points.

= x, y, and z coordinates of body

panel centroid.

= x, y, and z coordinates of body

panel control point.

= Body panel area.

= Ratio of subpanel area to panel area.

= Body panel theta-inclination angle.

= Body panel alpha-incidence angle.

= Body panel streamwise chord length.
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USAGE :

SUBPROGRAMS

CALLED:

COMMON (See subroutine OPCAMI for description of un-

labeled COMMON)

CALL BODY

_PUTB

CRNRB

AREAP

CENTRD

CNTRLB

THETAB

ALPHAB
OUTPTB

ERROR RETURNS:

STORAGE :

Error message indicates whether error occurred in calcu-

lation of body panel geometry.

15210 = 2308
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRAN IV Subroutine BODY1

To read data cards that specify a body surface and generate
three-dimensional points on body meridian lines.

A body surface is specified by a set of defining sections nor-
mal to the X axis. Points ondefining sections are given in
polar coordinate form {p, O) or in rectangular coordinates

(y, z). The number of points must be the same for all sec-

tions {except for zero-area sections). For convenience,

several options are available for specifying section points

(see Input Data Format, 3.3, card 6D).

Three-dimensional points on the i th body meridian line are

formed by selecting the i th point at each defining section.

Additional points are interpolated (if requested) so that

straight-line connections between adjacent points will repre-

sent a smooth curve as closely as specified.

DIMENSION DAT(2), B(1), AXIS(2), TITLE(12),

LOGICAL LGDEF(3, 6)

CALL BODY1 (DAT, iI, LO, B, LSTA, NSTA,

Input:

Output:

NU(3)

DAT

LI

LO

B

NU

B

LSTA

LB PL,

MBPL, NBPL, LTHETS, AXIS, TITLE_

LGDEF, NU)

-- Date (alphameric).

= Input tape number.

= Output tape number.

= Buffer for variable-length arrays.

= Error indicator array: NU(1) is not

used, on input. NU(2) is an output

tape number on which to write a mes-

sage if an error is detected; no mes-

sage is written if NU(2) <_ 0. NU(3)

is an error message limiter; if an

error is detected, NU(3) = (NU(3) - 1).

Then if NU(3) > 0 and NU(2) > 0, an

error message is written.

= Buffer for variable-length arrays.

= The set of body-defining stations (x-

valu(_s) s_az-ts in B(LSTA).
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SUBPROGRAMS
CALLED:

ERROR RETURNS:

NSTA

LBPL

MBPL

NBPL

LTHETS

AXIS

TITLE

LGDEF

NU

= Number of body-defining stations.

= The body meridian line array, with

header, starts in B(LBPL). See

Appendix C for the array format.

= Number of meridian lines.

= Number of cells in meridian-line

array.

= The standard set of e values (in de-

grees) corresponding to meridian

lines, starts in B(LTHETS).

= y and z coordinates of the body
main axis.

= Body title (alphameric).

= LGDEF(1, 3) is set to .TRUE.,

LGDEF(2, 3) is set to . TRUE. if the

body meridian lines are successfully

com puted.

= Error-indicator array. NU(1) is
zero if no errors were detected.

NU(3) may have been changed if an

error was found (see INPUT, above).

RICHNA

BODYIM

BODYIR

MERR

IDLETE

IRLEAS
IRSERV (See Appendix A)

IPACK

Function MERR is used to write an error message "ERROR

i, CODE j IN SUBROUTINE BODY1 DURING GEOMETRIC

DEFINITION" if an error is detected.

i_ j_ Explanation

1 0 The number of defining sections (BNS, card 4D) or

the number of meridian lines (BTHETA) is less than

2 or greater than 150.
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RESTRICTIONS:

STORAGE :

i_ j_ Explanation (cont)

2 0 BNS * BTHETA is so large that the storage re-

quired for the meridian-line points (even with no

enriching) is greater than the storage available in

array B.

3 1 The code for the type of body section (SCODE,

card 6D) is less than 0 or greater than 6.

3 2 SCODE = 3 (elliptical section), but a semi-axis

is zero.

4 k Meridian lines have been formed, but error k was

detected in subroutine RICHNA.

5 0 Machine or program error of undetermined origin.

The storage buffer, B, for variable-length arrays must

have been initialized by subroutine INIBFR (Appendix A)

or its equivalent.

56810 = 10708
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SUBJECT:

PURPOSE:

M E THOD:

USAGE :

SUBPROGRAMS

CALLED:

ERROR RE TURNS:

RE STRI C TIONS:

STORAGE :

FORTRAN IV Subroutine BODY1M

To write body meridian line points on an output tape.

This is primarily an output routine for BODY1. The merid-

ian lines are given in a single array with the format described

in Appendix C. The polar coordinates of each point are com-

puted in a plane normal to the x axis with polar origin at the

body axis. Points that lie in a body defining section (within

0. 0001) are identified by an asterisk.

DIMENSION B(1), AXIS(2), TITLE(12), DAYT(2), STA(1)

CALL BODY1M (B, NB, AXIS, TITLE, DAYT, LO, STA)

Input: B = Array of meridian lines, with header.

NB = Number of meridian lines.

AXIS = y, z coordinates of main body axis.

TITLE = Title (alphameric).

DAYT = Date (alphameric).

LO = Output tape number.

STA = Array of defining stations X-values).

Output: Printout on tape LO.

ATN1

SQRT (Built-in function)
TRAV

None

None

37310 = 5658
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SUBJECT:

PURPOSE :

ME THOD:

USAGE :

FORTRAN IV Subroutine BODYIR

To read and write data that specify body defining sections,

and form three-dimensional points on body meridian lines.

The number of body-defining sections, number of meridian

lines, the Y and Z coordinates of the body axis, and a

standard set of angles are given. Each section lies in a

station plane (normal to the X axis). A meridian line of

three-dimensional points on the body surface is formed by

selecting corresponding points from each station. Let
NPT = number of meridian lines = number of two-dimensional

points per section = number of angles in the standard set.

Subroutine BODYIS is called for each section to read data

cards and compute NPT three-dimensional points on the

body surface. These points are then stored in meridian-

line order. Results for each section are written on an out-

put tape.

DIMENSION

Input:

BAXIS(2), TITLE(12), DAT(2), THETS(NPT),

THETA(NPT), RHO(NPT), PT(3, NPT),

BPL(3, NSTA, NPT), STA(NSTA)

CALL BODYIR (LI, LO, NPT, NSTA, BAXIS, TITLE,

DAT, THETS, THETA, RHO, PT, BPL,

STA, NU)

LI = Input tape number.

LO = Output tape number.

NPT = Number of meridian lines.

NSTA = Number of defining sections (stations).

BAXIS = Y, Z coordinates of main body axis.

TITLE = Title (alphameric).

DAT = Date (alphameric).

THETS = Array of standard angles, in degrees.

Scratch: THETA_
RHO _= Storage for {9 , P , and point coor-
PT ) dinates (used at each section).

BPL = Points on meridian lines.

STA = Array of defining stations (X coordinates).

Output:
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

NU = Error indicator, which is zero for

success.

BODY1S

If NU _ 0, see BODY1S.

Tape LI must be properly positioned and contain NSTA
sets of data for BODY1S.

36810 = 5608
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRAN IV Subroutine BODYIS

To read body-defining section data cards and compute points
on the body section.

Data cards are described in section 3.3. The codefor section
type is checkedfor validity; then the indicated operation is
carried out.

DIMENSION BAXIS(2), THETS(NPT), SECAX(2),
THETA(NPT), RHO(NPT), PT(3, NPT)

CALL BODY1S(LI, BAXIS, NPT, THETS, SECAX, SCODE,
THETA, RHO, PT, NU)

Input: = Input tape number.H

BAXIS

NPT

THETS

PT

Output: SECAX

SCODE

Y, Z coordinates of the main body axis.

Number of points in section.

Array of angles, in degrees, which are

used for SCODE = 1, 2, and 3.

See OUTPUT, below; used as input

only if SCODE = 0.

Y, Z coordinates of the section origin

(p, O origin).

Code for type of section (read from

card).

0. This section is identicalto the

previous section, except for X-

coordinates. Store the station

value (read from card) as the X-

coordinate for each point in PT.

1. Read NPT values of p from cards.

Use with the THETS array to com-

pute Y, Z coordinates of points on
the section.

2. Circular section. Use the radius

(read from card) as p, and THETS

to compute section points.

3. Section is a rectangular ellipse.

Use the semi-axes (read from

card) to construct ellipse. Find
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

THETA =

RHO =

PT =

NU =

p's corresponding to THETS.

Construct points on section.

4. Circular section, but read NPT
values of 0 from cards instead

of using THETS.

5. Read NPT values of p from

cards, then read NPT values

of 8 from cards.

6. The y,z coordinates of the sec-

tion points are given. Find

corresponding p, 0 coordinates;

but if any p is zero, use corre-

sponding 8 from THETS.

Array of 0 values (in degrees) corre-

sponding to each section point (same

as THETS for SCODE = 1, 2, 3).

Array Of p values.

Array of points (x, y, z coordinates)
in section.

Error indicator, which is zero for

Success.

ATNI

UVECN

E LLI PR

SIN (Built-infunction)

TRAV

COS (Built-infunction)

NU= 1

NU = 2

if SCODE < 0 or SCODE > 6.

if SCODE = 3 and a semi-axis is zero.

Input tape LI is assumed to be correctly positioned and to

contain valid data. Angles are measured from the vertical,

and it is assumed that 0 < O <_ 180. The p-0 origin is at
SECAX.

43910 = 6678
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SUBJECT:

PURPOSE :

METHOD:

USAGE:

SUBPROGRAM

CALLED:

ERROR RETURNS

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine BSCALE

To scale body meridian lines so that each line extends

from x=0tox=x E,wherex E is given. Theyand zoo-

ordinates are unchanged.

The x-coordinates of the points on each meridian line are

sealed as follows:

x' = (x- Xl) XE/(X L - xI)

where xI = xof firstpoint, xL= xof last point.

DIMENSION B(1)

CALL BSCALE (]3,NB, XEND, NU)

Input: B = Meridian line array (see subroutine

TFLATI).

NB = Number of meridian lines.

XEND = xE.

Output: B = Scaled meridian line array.

NU = Error indicator. NU = 0 if success.

NU =kifx L-x l=0forthek th
meridian line.

None

See Output

None

12510 = 1758

219



SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRAN IV Subroutine CAMBW

To compute the velocity components normal to the x-axis

on the wing panels, given the matrix of the aerodynamic

influence coefficients and the pressure difference across

the panels,

The velocity components are given by
NW NW

nw i = _ _ AWWij'Pwj
i=1 j=l

where AWW is the matrix of aerodynamic influence coef-

ficients (influence on the wing, due to the wing) and PW

is the pressure difference across each wing panel,

CALL CAMBW (NW, NT, A, CL, ALPHAW)

DIMENSION

Input: NW

NT

A

CL

A(NW), CL(NW), ALPHAW(NW)

= Number of wing panels

= Logical tape number on which AWW

is stored

= Dummy array used by the subroutine

= Array of pressure differences

SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

Output: ALPHAW

None

None

None

9010 = 1328

= Array of velocity components
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

FORTRAN IV Subroutine CAMBWB

In the presence of a body, to compute the velocity compon-

ents on the wing, normal to the x-axis.

The velocity component on the wing panel i is given by

where

NW NB

nwi : E ARij ' PWj + ZDij " nBj
j=l j=l

A R = The matrix of the reduced aero-
dynamic influence coefficients,

PW = The pressure difference across wing
panels,

D = The matrix formed by the product.

AWB" ABB -I

where AWB = A partition of the aerodynamic
influence coefficients matrix re

sulting from the influence of the

body on the wing,

ABB = The partition resulting from the

n B

influence of the body on the body,

= The velocity component on the

body normal to the x-axis.

DIMENSION

CALL CAMBWB (NB, NW, NTAPEX, NTAPEY, A, CLW,

ALPHAB, ALPHAW)

A(NW), CLW(NW), ALPHAB(NB), ALPHAW(NW)

NB =

NW =

NTAPEX =

Input: Number of body panels.

Number of wing panels.

Logical tape number on which A R is
stored.

Logical tape number on which D is

stored.

Dummy array used by the subroutim

Array of the pressure differences

across wing panels.

Array of velocity components on the

body, normal to the x-axis.

NTAPEY =

i __

CLW =

ALPHAB =
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

ST ORAGE:

Output: ALl)HAW

None

None

None

14410 = 2208

= Array of velocity components on the

wing, normal to the x-axis.
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SUBJECT:

PURPOSE:

ME THOD:

FORTRAN IV Subroutine CEGAR

To find the area and the centroid (center of gravity) of a

polygon.

Given n points (x i, Yi: i = 1 .... , n) that are the vertices

of a polygon, the area of the polygon is given by the magni-

tude of A, where

n

A = 1/2 Z (Yi+l + Yi) (Xi+l - xi)
i=1

where Xn+ 1, Yn+l
to ensure that the

the points (x i, Yi)
calculation of the

resulting polygon

are set equal to x 1, Yl by the subroutine
polygon is closed. If any two or more of

coincide, no difficulty will result in the

centroid, and the area as long as the

is a simple closed curve.

The coordinates of the centroid are given by,

n
2 2

= _ (xi+1 + x.t + Xi+l xi) (Yi+l - Yi) / (- 6A), and
i=1

n

Z 2 2= (Yi+l + Yi + Yi+l Yi) (Xi+l - xi) / (6A)
i=l

USAGE :

R E STRIC TIONS:

ERROR RETURNS:

DIMENSION P(2, n+l), CG(2)

CALL CEGAR (N, P,A, CG)

Input: N = the number of points, n.

P = the array of points (xi, Yi) that are the

vertices of the polygon.

Output: A = the magnitude of the area of the polygon.

CG = the centroid of the area, (_,9).

The polygon must be a simple closed curve, (i. e., the

polygonal arc cannot cross itself).

If the area of the polygon is zero, then the subroutine sets

the coordinates of the centroid equal to zero.

Because, in the calculation of _ and y, A is used as a

divisor, considerable error could result in the values

obtained for x and y when A is close to zero. Overflow

could also occur for small values of A.

STORAGE: 22910 = 3458
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SUBJECT:

PURPOSE:

ME THOD:

FORTRAN IV Subroutine CENTRD

To calculate coordinates of a panel centroid.

Centroid coordinates of a panel are calculated by dividing

panel into two subpanels, locating a centroid on each sub-

panel, and averaging coordinates of the two centroids with

appropriate weighting factor. For example, a given quadri-
lateral panel:

(x 1,Y1,z1) (x2,Y2,Z2)

(x3,Y3,z3)_ (x4,Y4,Z4)

is subdivided into two subpanels, thus:

(Xl ,Yl,Zl) (x2,Y2,Z2)

2

(x3,Y3,Z3)

and a centroid is calculated for each subpanel using stand-

ard formulae. For subpanel 1 of the above example,

1 )x 1 = x 1 + _ x3 + _(x4 - x3) - x 1

- 2 1

Yl : Yl + 3 (Y3 + 2 (Y4 - Y3 ) - Yl)

- 2( 1 )z 1 = z 1 + 3 z3 + _-(z 4 - z3) - z 1

for subpanel 2,

_.( 1 )x 2 = x 2 + _ Xl + _ (x4 - Xl) - x 2

2 1 Y2)Y2 = Y2 + 3 (Yl + 2 (Y4 - Yl) -

- 2 1
z 2 = z 2 + _ (Zl + _ (z4- Zl) - z2)

Similarly
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_= is sho_;,_in the _ "A. • ...., . .... LOL_o-vving _etcn,

A weighting factor is used to average coordinates of centroids

of the two subpanels and derive coordinates of panel centroid.

The weighting factor is merely the ratio of the area of sub-

panel i to the panel area (see subroutine AREAP). That is,

x = x2 + R(x I - x2)

Y = Y2 + R(Yl - Y2)

and,

z = z2 + R(z I - z2)

S1
a =w

S

This is shown below,

USAGE : DIMENSION X(16, 16), Y(16, 16), Z(16, 16), R(15, 15),

XC(15, 15), YC(15, 15), ZC(15, 15)
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X | = x, y, and z-coordinates of panel corner

Y I points.Z

R = Ratio of subpanel area to panel area.

XC I =x-, y-, and z-coordinates of panel

YC J centroid.ZC

CALL CENTRD (X, Y, Z, R, XC, YC, ZC, NC, NR

Input: X

Y | (see above)
Z JR

NC = Number of panel columns.

NR = Number of panel rows.

Output: xc}YC

ZC

(see above)

SUBPROGRAM

CALLED: None

ERROR RETURNS:

STORAGE :

None

29810 = 4528
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SUBJECT:

P URPOS E:

METHOD:

US AGE:

FORTRAN IV Subroutine CHECK

To check if a sequence {xi_ of numbers is monotonic in-

creasing (or decreasing).

The given sequence { x i t can be one of four types:

1) Monotonic increasing; i. e., x i _ xi+ 1

2) Strictly monotonic increasing; i.e., x i < xi+ 1

3) Monotonic decreasing; i.e., x i >_.xi+ 1

4) Strictly monotonic decreasing; i.e., x i > xi+ 1

The program calling sequence includes a code that indi-

cates which type the sequence should be. The program

consists of a "do-loop" involving an "if" statement that

checks the sequence accordingly.

CALL CHECK (X, N, K, L, N6)

Input: X = Sequence to be checked.

N = Number of elements in sequence {xi}.

K = Code indicating sequence type that {xit

should be. If K = 1, {x i _ should be mono-
tonic increasing sequence. If K = 2, {x i }
should be strictly monotonic increasing

If K = -1, _xi_ should be monosequence.

tonic decreasing sequence." " If K = -2, {xi _
should be strictly monotonic decreasing

sequence.

N6 = Output tape unit.

Output: L = Error code. If L = 0, {xi_ successfully
checked. If L = 1, error occurred.

S UBPROGRAM None

CALLED:

ERROR RETURNS: See above
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RESTRICTIONS: The sequence { xi} must be a sequence of floating point
numbers °

STORAGE : 23710 = 3558
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SUBJECT:

PURPOSE :

M E THOD:

USAGE :

SUBPROGRAM

CALLED:

FORTRAN IV Subroutine CHORDW

To calculate the length of a streamwise chord through the

wing panel control point.

The program calculates the length of the streamwise chord

by use of a basic distance formula.

The chord is located by construction of a streamwise plane

(A) normal to the plane of the panel and passing through the

panel control point. This is shown in the following sketch:

(xt,Yt,Zt)

__i: STREAMWISE

PLANEA:
_j"_.__ oy_,z_ Y- Ycp= 0

J I _ PANEL

"__ LIADING EDGE

j rRA,L,NGEDGE

The line of intersection of this plane and the original panel

is the desired chord, and the chord length is calculated,

L=x t -x_

COMMON (See subroutine OPCAMI for unlabeled COMMON

description)

COMMON /COM1/ (See subroutine PANEL)

Input: NPER1
NPLN1

COMMON /COM2/ (See Subroutine WING)

Input: XCOR

YCOR

Z COR

YCON

Output: CHORD

CALL CHORDW

POLXN
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ERROR RETURNS: Error messages indicate if error occurred in use of sub-

routine POLXN to calculate chord intercepts.

STORAGE : 41810 = 6428
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{UBJECT:

PURPOSE :

ME THOD :

USAGE :

FORTRAN IV Subroutine CLOK

To find the tim e of day.

This is a dummy subroutine which returns blanks. An

appropriate change may be made at the user's installation
to return the true time and date.

CALL CLOK (TIME, DATE)

Output: TIME = Time of day (alphameric).

DATE = Date (alphameric).

•gBPROGRAM

kLLED: None

!_ROR RETURNS: None

_STRICTIONS: None

_ORAGE:
2310 = 278
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SUBJECT'.

PURPOSE :

METHOD:

FORTRAN IV Subroutine CNTRLB

To calculate the coordinates of a body panel control point

and the length of a streamwise chord through the control

point.

The coordinates of a body panel control point are calculated

by locating a streamwise chord through the panel centroid,

determining the intercepts of this chord with the panel

leading and trailing edges, and using a specified input con-

stant to average these coordinates and locate the control

point along the chord.

To find the chord that is required, the program constructs

a streamwise plane (A) normal to the plane of the panel

and through the panel centroid. For example,

_. _STREAMWlSE
PLANEA:
my+ z-(Z-m_)=0
m= Y4-Y3

z4-z 3

/ _ ..,--=--PANEL

" _ 9"_" LEADINGEDGE

/ _ PANEL
/ TRAILINGEDGE

The intersection of this plane with the given panel detines

the chord that is needed, and the chord length is calculated

using a standard distance formula. For the above example,

/
I

(xt ,Yt,zt )
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and,

(xt - x f) 2 + (Yt - y_)2 + (z t _ z_)211/2

The control point coordinates are then calculated by using

an input constant, c, and averaging the chord intercepts.

t

(x t,Yt,zt )

[_,zt

(Xcp,Ycp,Zcp)

Xcp = x_ + C " (Xt - Xf)

Ycp = Y_ + C " (Yt - Y_)

Zcp= zt + c" (zt- zf)
As noted above, the location of the panel control point along

the streamwise chord is controlled by an input constant, c,

(fraction). In addition and as an option, a second constant

can be employed as input to change the spanwise location

of the chord on which the control point is calculated. For

a case in which the option is no___tused, the streamwise

chord is constructed through the panel centroid; thus is

located at approximately 50 percent in the spanwise direc-

tion. But for a case in which this option is used, this span-

wise percent value can be changed to an arbitrary one,

say 25 or 75 percent.

/A [
,_ C = .25 4 C = .75
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US AGE:

S UB PROGRAMS

CALLED:

ERROR RETURNS:

STORAGE:

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

CONTROL /COM1/ (See subroutine PANEL)

Input: KODE C
XPER

YPE R

NPERI

NPLNI

Output: KODEB

COMMON /COM2/ (See subroutine BODY)

Input: XCOR
YCOR

ZCOR

YCEN

ZCEN

Output: XCON

YCON

ZCON

CHORD

CALL CNTRLB

POLXN

SQRT (Built-infunction)

Error message indicates if error has been encountered in

use of subroutine POLXN to calculate chord intercepts.

>

48410 = 7448
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine CNTRLW

To calculate the coordinates of a wing panel control point.

The coordinates of a wing panel control point are calculated

by defining a constant, Cl, that locates the control point in

the spanwise direction, and a second constant, c2, that

locates it in the streamwise direction. The latter constant,

c2, is always given as input data, though the former con-

stant, Cl, can be given as input or calculated by the pro-
gram as a function of the centroid location.

The two constants are used to average the panel corner

point coordinates and derive the control point coordinates.

As an example, a wing panel is defined,

(XlJ 1,z1) , (x2,Y_z2)

(x3,Y3,z3)

(_,7,_

(x4,Y4,Z4)

The constant, c2, is given as input and the constant, Cl,

is either given as input or calculated by the program. For
the latter case,

Y - Yl
c I -

Y2 - Yl

These constants are then used to average the four corner

point coordinates and obtain the control point coordinates,

t

(xcp,Ycp,Zcp)

(xt,Yt,Zt)
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USAGE:

SUBPROGRAM

CALLED:

ERROR RETURNS:

STORAGE :

Xcp = x_ + c 2 • (x t - x_)

x_ = x 1+ c I • (x 2 - Xl)

x t = x 3 + c 1 (x 4 - x3)

Ycp = Y_ + c2 (Yt - Yt)

Y_ = Yl + Cl (Y2 - Yl)

Yt = Y3 + Cl (Y4 - Y3 )

Zcp = zf + c 2 (z t - z_)

_ = z 1 + c I (z 2 - Zl)

z t = z 3 + c I (z 4 - z3)

COMMON (See subroutine OPCAMI for unlabeled COMMON

description)

COMMON /COM1/ (See subroutine PANEL)

Input: KOD E C

XPER

YPER

KSTART

KEND

NPER1

NPLN1

COMMON /COM2/(See subroutine WING)

Input: XCOR

YCOR

Z COR

YCEN

Output: XCON
YCON

Z CON

CALL CNTRLW

AMAX (Built-in function)

Error message indicates if error occurred in calculation

of panel control point.

73510 = 13378
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SUB JE C T:

PURPOSE :

M E THOD :

USAGE :

SUB PROGRAM

CALLED:

FORTRAN IV Subroutine CP

To compute the pressure coefficients by either the linear

or nonlinear equation, given the velocity components in the

x, y, and z directions at each of the panels.

For nonlinear pressure coefficient

Cp = - 2u + _2 u 2 _ v 2 _ w 2

For linear pressure coefficient

Cp = - 2u

where

u = Velocity component in the x-direction.

v = Velocity component in the y-direction.

w = Velocity component in the z-direction.

_ =M2- 1

CALL CP(NP, BETA2, CPCALC, U,

DIMENSION U(NP), V(NP), W(NP),

Input: NP = Number of panels.

BETA2 = M 2 - I.

CPCALC = Calculation option.

U

V

W

Output: CPP

V, W, CPP)

CPP(NP)

= 0., calculation of pressure coefficients

to use linear equation.

0., calculation of pressure coefficients

to use nonlinear equation.

= Array of velocity components in the
x-direction.

, = Array of velocity components in the

y-direction.

= Array of velocity components in the
z -direction.

= Array of pressure coefficients.

None
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ERROR RETURNS: None

RESTRI C TIONS: None

STORAGE: 12910 = 2018
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine CRNRB

To calculate body panel (and secondary panel) corner point
coordinates.

In general, a body panel is defined by four corner points.

A program restriction requires either that the panel have

streamwise inboard and outboard edges, or that it be sub-

divided so that its secondary panels have streamwise edges.

To satisfy this condition, additional points are located on

the panel leading and/or trailing edge.

The program calculates the four panel corner points by

intersecting with the body meridian lines a series of par-

allel transverse vertical (cutting) planes. The equations

for these planes have the general form,

x - c i = 0,

for which c i is the ith intercept as given on input cards.

This is shown in the following sketch:

Z

_ _" _-[- TYPICALTRANVERSE

VERTICAL(CUTTING)
PLANEPARALLEL
TOx -y PLANE

DYMERIDIANLINE

:- y

The program calculates the additional panel points by

constructing planes normal to the plane of the panel and

through a panel corner point, and intersecting these planes

with the panel leading and trailing edges. At most, two

such constructions are necessary for each of the two

required points. To obtain the first point, the program

constructs a streamwise plane (A) normal to the panel trail-
ing edge and through the inboard leading edge corner point
and attempts to intersect this plane with the panel trailing edge:

239



PA, L /
v. .... _ (x4,Y4,Z4)

--STREAMWlSE
PLANE A:

my+z-(z l-mY 1)= 0

m= Y4-Y3

z4-z 3
PANELLEADINGEDGE

If an intersection with the trailing edge is obtained, this

point is defined to be the first of the two required points.

Should no intersection be calculated, the program then

constructs a streamwise plane normal to the panel leading

edge and through the inboard trailing edge corner point and
attempts to intersect this plane with the panel leading edge-

.,,.'1_ _ STREAMWlSE
/ _ PLANE B:

'x " z _ . ' . mY+z-'(z3-mY3)=0
1,Yl, 1/,,_... (xi,Yi,Zi) ......

/ i'/-_ m = ,z-,l

(x3,Y3,Z3),FE.._/" f -_, (_2,Y2,Z2)

If the previous construction has failed, then this construc-

tion yields an intersection, and the point is defined to be the

first of the two required points. The calculations used to

obtain the second of the two points are identical to those

given above except that the planes that are constructed

pass through outboard rather than inboard corner points.

As both, either, or neither of these two points can occur

on the panel leading (or trailing) edge, four panel con-

figurations are possible, and a code is assigned for each

panel. These codes are the following:
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K PANEL= 1 K PANEL= 2
A

(;_,yj ,zj ) (xj,yj ,Zj )

K PANEL= 3 K PANEL---4
(xj,y_,zj

(xj,yj,zj/r t (x_,y_,z_/
I I

I

_ V
(xi'Yi 'zi)

These codes are used in later subprograms.

In certain cases the body-wing intersection line does not

coincide with a body meridian line, and an additional

meridian line is constructed. In the intersection region
proper, points on this additional line are defined to be the

intersection points; elsewhere, fore and aft of the inter-

section region, points are obtained by averaging the

corresponding points on the two adjacent body meridian

lines. This is shown in the following sketch:

INTERSECTION
REGION

A

]

"--"----- i.,...

_. -----. -" I I'--

ERIDIAN

L ith MERIDIAN

LINE(CONSTRUCTED)

(i+l) R DAN,
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USAGE: COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: NWRITE

COMMON /COM1/ (See subroutine PANEL)

Input: KOPTB
KINT

XI

YI

ZI

NPER

NPER1

NPLANE

NPLN1

Output: KST ART
KEND

COMMON /COM2/(See subroutine BODY)

Input: NPLNB
NP LNW

JLEAD

JTRAIL

NPTS

X

Y

Z

XCEPT

XCEPTW

YCE PTW

ZCE PT W

Output: IMID
KPANE L

XCOR

YCOR

ZCOR

XINT

YINT

ZINT

CALL CRNRB
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SUBPROGRAM

CALLED:

ERROR RETURNS:

STORAGE :

POLXN

Error messages indicate if panel or secondary panel

corner points not correctly calculated.

128210 = 24028
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SUBJECT: FORTRAN IV Subroutine CRNRW

PURPOSE :

ME TH OD:

To calculate wing panel (and secondary panel) corner point

coordinates.

In general, a wing panel is defined by four corner points. To

satisfy a program restriction that either a panel have stream-

wise inboard and outboard edges or that it be subdivided so

that its secondary panels have streamwise edges, an additional

point is determined in the following two cases:

1) For panels on the inboard column if the body and wing

intersect in a nonstreamwise line;

2) For panels on the outboard column if the outboard

wing edge is a nonstreamwise edge.

All other panels have streamwise edges and are not sub-

paneled.

The program calculates the four panel corner points by

intersecting with the wing percent chord lines a series of

vertical (cutting) planes. The equations for these planes

have the general form,

y-c.=0,
1

for which c i is the i th intercept as given on input cards.

This is shown in the following sketch.

l z /"-'TYPICAL VERTICAL
J/I (CUTTING)PLANE

I I PARALLELTO x-z

W,NGPERCENT
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The program calculates the additional panel point, i,_ those

cases indicated above, by constructing planes normal to

the plane of the panel and through a panel corner point, and

by intersecting these planes with the panel leading or

trailing edges. Two such constructions, at most, are

required to obtain this point. The program first con-

structs a plane (A) normal to the panel and through a

leading edge corner point and attempts to intersect this

plane with the panel trailing edge.

STREAMWlSE
PLANEA:

.--I"_L._ 1) ' Y-Yl = 0

__ ]_d_" ,,,,J " PANELLEADINGEDGE
(xi ,Yi,zi )_/-_.._/_

I J _ PANEL
V f TRAILINGEDGE

If an intersection with the trailing edge is found, it is

then defined to be that additional panel point. If no

intersection is calculated, the program constructs a

plane (B) normal to the panel and through a trailing

edge corner point and attempts to intersect this plane
with the leading edge.

_ STREAMWlSE
PLANE B:

zi ) Y- Y3= 0

PANELLEADINGEDGE

(x3'Y3'Z3) _ _ PANEL
L/,/ _ -- TRAILINGEDGE

As this additional point can be on either the leading or

trailing edge a code is determined and assigned for any

such panel.
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K PANEL = 1

/
/
/

(xi 'Yi 'zi )

K PANEL =2

(x i,Yi ,zi )

USAGE : COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Inpu t: NWRITE

COMMON/COM1 / (See subroutine PANEL)

Input: KOPTW

KINT

XI

YI

ZI

NPER

NPE R1

NPLANE

NPLN1

Output: KSTART

KEND

COMMON/COM2 / (See subroutine WING)

Input: IJ

NPTS

X

Y

Z

KPNT

VALUE

YCEPT

SLOPE

Output: KPANE L

XC OR

YC OR

ZCOR

XINT

YINT

ZINT
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SUBPROGRAM

CALLED:

ERROR RETURNS:

STORAGE :

CALL CRNRW

POLXN

Error messages indicate if panel (or secondary panel)

corner points not calculated.

92610 = 16368
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SUBJECT:

PURPOSE :

M E THOD:

USAGE :

FORTRAN IV Subroutine CVEL

To compute the velocity components due to a given pressure

difference, given the velocity components resulting from a

unit pressure difference across panels.

The velocity components resulting from a unit pressure dif-

ference across the influencing panels are computed and

stored on tape previous to calling of this subroutine. Then

the velocity components resulting from a given pressure

difference across the influencing panels are found by

M N

ui = E E Ui j * Pj
i=l j=l

M N

vi= E
i=l j=l

_. Vij • Pj

M N

wi= Z _ Wij ° Pj
i=l j=l

, and W.. are the velocity components inwhere Uij Vii, 1j
the x, y, and z. directions respectively at panel i induced

by panel j, and pj is the given pressure differences across
the influencing panel.

CALL CVEL(M, N, NT, A,

DIMENSION

Input: M

N =

NT=

A

B =

C =

CL=

B, C, CL, U, V, W)

A(M), B(M), C(M), U(N), V(N), W(N)

= Number of influenced panels.

Number of influencing panels.

Logical tape number on which the velocity

components due to unit pressure differences
are stored.

Dummy array used by the subroutine.

Dummy array used by the subroutine.

Dummy array used by the subroutine.

Array of given pressure differences.
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SUBPROGRAM
CALLED : None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE:

Output: U = Array of velocity componentsin the x-direction.

V = Array of velocity components in the y-direction.

W = Array of velocity componcnts in the z-direction.

12910 = 2018
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SUBJE C T- FORTRAN IV Subroutine DATE

(See subroutine FDATE)

25O



SUBJECT:

P[rll l)OSE'-

METHOD:

USAGE:

I"OIlTRAN IV Subroutine DCPD

To computethe pressure difference across the wing panels.

The pressure difference across a wing panel i is given by:

NM

_|l _. FC

CALL

DIM E NSION

Input:

Pwi = E ARij-1 nw i
j=l

AR -1= The inverse of the reduced aerodynamic

influ(m(,.c coe.ffic;ients matrix.

n w = The velocity component of tile wing, normal
to the x-axis.

Output:

DCPD (NM, NTAPEX, A, ALl)HAM, CLM)

A(NM), ALI)HAM(NM), CLM(NM)

NM = Number of wing panels.

NTAl)EX = Logical tape number, of which

AI1-1 is slored.

A = Dummy array used by the sub-
routine.

ALPHAM = Array re]at try components on

wing panels normal to the

x-axis.

SUBPROGRAM

CALLED: None

CLM = Array of the pressure difference

across wing panels.

ERROR RETURNS: None

RES TRIC TIONS : None

ST OR AGE 9010 = 132 8
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SUBJECT:

PURPOSE:

FORTRAN IV Subroutine DCPI

In the presence of a wing, to compute the pressure differ-

ence across a body panel.

METHOD:

USAGE:

The pressure difference is given by:

NB NW
-1 . +

PBi = j_--1 ABBij nBj j=l_-_ Eij
PW i

where
-1

ABB

n B

E

= The inverse of a partition of the aero-

dynamic influence coefficients resulting

from the influence of the body on the body.

= The velocity component normal to the

x-axis, on the body.

= The matrix formed by the product,

-1
ABB ' ABW

where ABW

PW

= The partition of the aerodynamic
influence coefficients matrix re-

sulting from the influence of the

wing on the body.

= The pressure difference across

the wing panels.

CALL DCPI (NB, NW, NTAPEX, A, ALPHAB, CLW,

CLB)

DIMENSION A(NW), ALPHAB(NB), CLW(NW), CLB(NB)

Input: NB =

NW =

NTAPEX =

Number of body panels.

Number of wing panels.

Logical tape number on which ABB -1
and E are stored.

A

ALPHAB =

CLW =

Output: C LB =

Dummy array used by the subroutine.

Array of velocity components on the

body, normal to the x-axis.

Array of the pressure difference

across wing panels.

Array of the pressure difference

across the body panels.
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SUBPROGRAM
CALLED:

ERRORRETURNS:

RESTRICTIONS

STORAGE:

None

None

None

14310 = 2178

253



SUBJE C T:

PURPOSE :

M E THOD:

USAGE :

SUBPROGRAM

CALLED:

ERROR RE TURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine DEFEN1

To write records on the Geometry Definition binary tape.

The format of the binary tape to be written is shown in

Appendix C. Each time that DEFEN1 is called it writes

two records. Record A consists of ten fixed-point words.

Record B contains either nine words or K - J + 1 words,

where K and J are given. A ten-word array, IREC, is

given. If IREC(3) _ 0, then record B consists of nine words,

which are zeros, and record A has the following format:

word 1 IREC(1)

word 2 0

word 3 IREC(3)

words 4-10 0

However, if IREC(3) = 0, then IREC is written as record A

and the specified part of a given array is written as record B.

DIMENSION B(1), IREC(10)

CALL DEFEN1 (B, J, K, LTAPE, IREC)

Input: B -- B(J) through B(K) is to be written on
LTAPE.

J = Subscript.

K = Subscript.

LTAPE = Tape number.

IREC = Array to be written on LTAPE (see

METHOD, above).

None

None

LTAPE is assumed to be correctly positioned.

12810 = 2008
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

FORTRAN IV Subroutine DEFEND

To prepare records for the Geometry Definition tape and
to monitor tape writing.

This subroutine is used by subroutine GEOMD to transfer

data from core to tape. If wing-body intersections are not

requested, GEOMD calls DEFEND at the end of the case

to write records 1-18 (see Appendix C). But if intersec-

tions are requested, GEOMD first calls DEFEND to write

records 1-10, then finds intersections, and finally calls
DEFEND again to write records 11-18.

CALL DEFEND (]3,

INTWB)

DIMENSION B(1), LK(3, 9)

LOGICAL LGDEF(3, 6), LGTAPE

LK, LO, LTAPE, LGDEF, LGTAPE,

Input: B

LK =

Storage buffer for variable-length

arrays.

Array that describes contents of B.

Consider LK(i, j). The index j refers

to a data array as follows:

i Data array

1 Upper wing percent lines

2 Lower wing percent lines

3 Upper wing percent lines (part

outside body)

4 Lower wing percent lines (part

outside body)

5 Body meridian lines

6 Body stations

7 Wing planform (leading and trail-

ing edge points)

8 Upper wing-body intersections

9 Lower wing-body intersections

A data array is stored starting in

B(LK(1, j)). The number of elements
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SUBPROGRAM
CALLED:

ERRORRETURNS:

RESTRICTIONS:

STORAGE:

LO

LTAPE

LGDEF

LGTAPE

INTWB

Output: LGDEF

DEFEN1

None

None

37310 = 5658

in the data array is LK(3, j). The

number of percent lines 0 = 1, 2, 3,

4) or meridian lines (j = 5) is LK(2, j).

The number of airfoils is LK(2, 7).

LK(2, j) is not used forj =6, 8, 9.

= Output tape number•

= Binary tape number.

= Logical array of problem status (see

subroutine GEOMD) •

= . TRUE. if records are to be written

on LTAPE, •FALSE. if not•

= IfINTWB < 0, LTAPE is to be
rewound and records 1-10 written•

If INTWB > 0, records 11-18 and

an EOF are to be written. If INTWB

= 0, records 1-18 and an EOF are to

be written•

= If LGDE F (1, i) and LGDE F (2, i) are

both true, LGDEF(3, i) is set to
• TRUE. to indicate that the corres-

ponding data array has been written
on LTAPE•
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SUBJECT:

PURPOSE:

METHOD:

US AGE :

SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN Function DISPTA

To find the distance between two points in N-space.

Standard

D = DISPTA (P, Q, N)

DIMENSION P(N), Q(N)

Input: P = Array of coordinates of one point.

Q = Array of coordinates of other point.

N = Dimension of space.

Output: D = Distance between points P and Q.

SQRT (Built-in function)

None

N> 0

5010 = 628
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SUBJECT:

PURPOSE :

M E THOD:

USAGE :

SUBPROGRAMS

CALLED:

FORTRAN IV Subroutine DMAXL

Given a set of points in 3-space, to find which point is

farthest from the line through the end-points.

Let P1 and PN be the first and last points, and let u be

a unit vector from Plto __PN. _F°r each intermediate point

Pi, find the vector v = Pi - P1. Then the distance from

Pi to the line Pl PN is the magnitude of the cross-product

of u and v The point Pj farthest from the line is selected.
If there is more than one such point, the first is selected.

DIMENSION P(3, N), U(3)

CALL DMAXL (P, N, DIST, J,

Input:

Output:

U, NU)

P = Array of points.

N = Number of points in P.

DIST = Distance from point Pj to the line P1 I>N •

J = Subscript of point Pj (that is, the desired
point is P(i, J), i = 1, 3).

U = Unit vector directed from P1 to PN.

NU = Error indicator, which is zero for success.

UVECN

VCROS

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

NU = 1

---- -1

= -2

None

13910 =

if N= 2,

if N<2,

if Pl and PN are coincident.

2138
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

SUBPROGRAM
CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine ELLIPR

Given the horizontal andvertic.al semi-axes of a rectangular
ellipse and the angle of a r_dius vector to find the length of
the vector and the corresponding point on the ellipse.

The sine and cosine of the angle (measured in a clockwise

direction from the + y axis) are given. The required quan-

tities are computed in a standard manner.

CALL ELLIPR (A, B, SIN, COS, RHO, X, Y, NU)

Input: A = Horizontal semi-axis.
B = Vertical semi-axis

SIN = Sine of angle.

COS = Cosine of angle.

Output: RHO = Length of radius vector.
X = x-coordinate.

Y = y-coordinate.

NU = Error code, which is zero if successful.

SQRT (Built-in function)

NU = 1 if either of the semi-axes is zero.

NU = 2 if the radius vector has zero length. (This indi-

cates that SIN = COS = 0.)

None

8310 = 1238
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SUBJECT:

PURPOSE:

ME THOD:

FORTRAN IV Subroutine ENRYCH

Given a set of points that lie on a smooth curve, to inter-

polate additional points so spaced that between each pair of

points the distance from the chord to the assumed interpola-

tion curve is less than a given tolerance.

For each set of four consecutive points, subroutine OPTIM3

is called to interpolate additional points. Because OPTIM3

measures error between a chord and arc in a y direction,

x and y are reversed for each set of four consecutive points

if the range of y is greater than the range of x. Also, signs

are reversed if necessary to make the equivalent x i strictly

increasing before calling OPTIM3. The inverse operations

are performed after OPTIM3 does the interpolation.

USAGE: DIMENSION

CALL ENRYCH

Input: A =

B =

NI =

EPS =

NO =

NU(2) =

NU(3) =

Output: C =

NO =

NU =

A(NI), B(NI), C(NO), NU(3)

(A, B, NI, EPS, C, NO, NU)

Array of independent variable coordinates.

Array of dependent variable coordinates.

Number of pairs, Ai, B i.

Arc-chord tolerance.

Length of array C.

Logical output tape number on which to

write error comments, ifany.

Error message limiter and counter. Ifan

error occurs for which a message is nor-

mally written, NU(3) is first reduced by

one. The message is then written only if

both NU(2) and NU(3)are greater than zero.

Array of A i, B i pairs interspersed with

interpolated pairs. If NI < 4 or EPS _< 0,

no interpolation takes place; then C con-

talus A i, B i, NO =2*N-I, andNU = 0.

Number of elements in the C array.

0 _ success •

2 --at least one set of four consecutive

points (Ai, Bi) is not strictly mono-
tonic in either x or y.
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SUBPROGRAM
CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

= 3 mmore than 199 interpolated points are

required between two consecutive

points (Ai, Bi) in order to satisfy the

given value of EPS. This may be due

to (1) a very small value of EPS, or

(2) a "wild" interpolating cubic between

two points (points too "rough" or too

far apart in that region).

= 4- C array is too small.

= 5- the input value of NO is less than
2*NI.

OPTIM3

If an error is encountered in any interpolating interval

(NU = 2 or 3), an error message is written if NU(2) and

NU(3) > 0, no points are interpolated in that interval, and
the routine continues. The value of NU returned is that of

the last error encountered (if any).

For every set of four consecutive points, either the inde-

pendent variable coordinates or the dependent variable co-

ordinates must be strictly monotonic. Since OPTIM3 uses

cubic or quadratic interpolation, some input arrays may

cause rather extreme swings in the output array. This may

usually be corrected by supplying more input points in the

swing region. In general, the output array of points will

lie on a curve that maintains first derivative continuity.

However, this may not be true if an x,y reversal (see

METHOD, above) is required for some but not all sets of

four points; appropriate scaling of one variable before entry
(preferably by a power of 2) will ensure that either no set

or all sets of four consecutive points will be reversed.

97510 = 17178
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRANIV Subroutine EVAL

To compute the matrix of the aerodynamic influence co-
efficients, the velocity components due to a surface dis-

tribution of vorticity, and the velocity components due to

a surface distribution of sources in the reference plane of

the wing.

The equations in this subroutine are given in detail in the
Appendix B of Part I.

CALL EVAL (NI, XCPT, THKW)

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,
NTAPED, NTAPEE, NTAPE F, NTAPEI, NTAPEO_ NBODY,
NWING, XMACH, SYM, KACE

/BLOCK/X(200, 3,4),Y(299, 3,4,),Z (200,3,4), XBAR(200),

YBAR(200), ZBAR(200), XC(200), YC(200), ZC(200), THETA

(200),ALPHAS(200), AREA(200), CHORD(200), NPART

(200)_NPANEL, ISYM, A(200), U(200), V(200), VPM(200),

VV(200), W(200), WPM(200), WW(200), VPMM(200), WPMM
(200), ALPHAC(100), ALPHAT(100)

DIMENSION BBE TAM(4), R(4), Q(4), CPM(4), RPM(4),

CPMM(4), RPMM(4), XCPT(200)

Input: NI = Index to indicate the start of the

influencing panels.

XCPT = Array of panel control point x-
coordinates.

THKW

¢

0., indicates the aerodynamic in-

fluence coefficients and velocity
components due to a vortex dis-
tribution are to be computed.

0., indicates the velocity com-

ponents due to wing sources are to
be computed.

NPANEL = Total number of panels.

ISYM = i, for unsymmetrie configurations.

= 2, for symmetric configurations.
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Output:

NTAPEA

NTAPE B

= Logical number of tape on which the

aerodynamic influence coefficients
or normal velocity components on
the body due to wing sources are
written.

= Logical number of tape on which the
velocity components are written.

XMACH = Mach number.

X = Array of x-coordinates of the panel
corner points.

Y = Array of y-coordinates, of the panel
corner points.

Z

THETA =

ALPHAS =

Array of z-coordinates, of the panel
corner points.

Array of O angles (angle between

the plane of the panel and a plane
parallel to the x-y plane).

Array of the panel slopes, d z
dx

IF THKW = O.

A = Matrix of the aerodynamic influence
coefficients.

U = Velocity components in the x-direc-
tion due to vortex distribution.

V = Velocity components in the y-direc-
tion due to vortex distribution.

W = Velocity components in the z-direc-
tion due to vortex distribution.

IF THKW _ 0.

A = Normal velocity components on the
body due to wing sources.

U = Velocity components in the x-direc-
tion due to wing sources
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SUBROUTINES
CALLE D"

ERROR RE TURNS:

RESTRICTIONS:

STORAGE:

V

W

ACOS

ALOG }

SIN
TAN

SQRT

None

None

Velocity components in the y-direc-
tion due to wing sources.

Velocity components in the z-direc-
tion due to wing sources.

(Built-in functions)

187210 = 35208

264



SUBJECT:

PURPOSE :

METHOD :

USAGE :

SUBPROGRAM

CAL LED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine FASNCS

To compute the arc sine and/or the arc cosine of a normal-

ized floating point argument.

The arc sine and arc cosine are calculated as follows:

1) for 0 < x < 1,

2) for -1 < x < 0,

3) for 0 < x < 1,

4) for -1 <_ x < 0,

arc cos x = (1 - x) 1/2a(x)

arc cos x = ?r - (1 - ixi) 1/2 a(Ix$)

arc sin x = ?r/2 - (1 -x) 1/2 a(x)

arc sin x = -17/2 + (1 - ixl) 1/2 a(Ixl)

where a(x) is approximated by an eighth degree polynomial.

For x from 1 to -1, the subroutine gives the arc sine in

radians from y/2 to -?r/2, and the arc cosine in radians

from 0 to rr.

The subroutine FASNCS has two entry points, ASIN and

ACOS; the function names ASIN (X) and ACOS (X) are

used in FORTRAN arithmetic expressions.

SQRT (Built-in functions)

None

Ix i < 1. If Ixl > 1, then an error message is printed.

The subroutine is accurate to 8 decimal places, with the

following exceptions in the arc sine:

i x ] < 0. 0015 6 decimal figures

0.0015 < I x I< 0.002 7decimalfigures

10910 = 1558
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SUBJECT:

PURPOSE:

METHOD :

USAGE :

FORTRAN IV Subroutine FDATE

To make the date of the run available for printout.

The FORTRAN monitor places the current date in core as

a BCD word. The first two characters are the month, the

second two characters are the day, and the last two char-

acters are the year. This date is printed at the top of each

page of a listing.

CALL DATE(A, B),

The date, in BCD, is stored and arranged as follows:

Location A = XXXbYY

Location B = ,b19ZZ

where XXX represents a three-character abbreviation for

the month, b represents a blank, and YY and ZZ represent

the day and year, respectively.

DATE may be used as a function. If so used, the BCD
word XXYYZ Z is left in the accumulator upon exit from

the subroutine,

C = DATE(A, B).

SUBPROGRAM

CALLED :

ERROR RE TURNS:

STORAGE:

None

None

4110 = 518
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SUBJECT:

PURPOSE :

M E THOD:

USAGE :

SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine FFSF

To enable the FORTRAN program to move past end-of-file

marks on FORTRAN written binary tapes, and to skip
entire files.

The first two words of each record on the designated logical

tape unit are read using the IOCS read routine. If the sec-

ond word is the Hollerith literal "TAPEND," the error code

is set equal to the number of files remaining in the file count.

Whenever end-of-file is encountered by the IOCS read sub-

routine, the file count is reduced by one. When the file

count reaches zero, the error code is set to zero, and the

subroutine returns to the main program. The tape is then

positioned just beyond the end-of-file mark, ready to read
the first record in the next file. A file count of zero or one

will move past one end-of-file mark to the beginning of the

next file on the tape. A file count of two will pass two end-

of-file marks, thereby skipping the remainder (if any) of

the current file and the next file in its entirety.

CALL FSF (NFILE, LTAPE, LERROR)

Input: NFILE = The file count described above; the

number of files to space forward.

LTAPE = The logical tape unit to be used.

LERROR = Error code. If LERROR = 0, sub-

routine successful. If LERROR = n,

n > 0, n indicates the number of un-

spaced files.

IOCS

FVIO

None

If TAPEND indicator was written when the tape was written,

FFSF will not read past the TAPEND signal. If not, it is

possible to run off the end of the tape.

5210 = 648
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SUBJECT:

PURPOSE:

METHOD:

US AGE :

SUBPROGRAMS

CALLED:

FORTRAN IV Subroutine FFSR

To move a designated FORTRAN binary tape forward a

specified number of logical records while indicating
whether end-of-file was reached.

Logical Records (FSR)

The first word in each physical record on the designated

tape unit is examined using the IOCS read routine, and

if the address is nonzero, the specified record count is

reduced by one. If an end-of-file is encountered, the

tape is back-spaced so that the end-of-file mark is, in

effect, not passed, and the error code is set equal to the

number of records remaining to be read. If no end-of-

file is encountered, reading continues until the record

count reaches zero; zero is stored in the error code and

the subroutine returns to the calling program. No re-

dundancy checking is done.

Physical Records (FSPR)

The method is the same as for a logical record except that

the record count is reduced by each physical record spaced

forward and the first word of each record is not examined.

CALL FSR (N, LTAPE, LERROR)

Input: N = Number of FORTRAN logical records

to forward space. Zero means no

spacing.

LTAPE = Logical tape unit.

LERROR = Error code.

CALL FSPR (NP, LTAPE, LERROR)

Input: NP = Number of physical records to for-

ward space. Zero means no spacing.

LTAPE = Logical tape unit.

LERROR = Error code.

IOCS

FVIO
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RESTRICTIONS: This routine will not proceed beyond an end-of-file mark

on tape,

STORAGE:
5310 = 658
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SUBJECT: FORTRAN IV Subroutine FORCES

PURPOSE: This is the controlling subroutine for computing forces,
moments, and pressureso

ME THOD The subroutine computes the forces, moments, and
pressures for the different cases of wing alone and body
alone or for the wing-body combinations by calling a num-

ber of subroutines written to do a specific computation.

READINPUTDATA
- TITLE

-I CASE,CPCALC,RFAREA,XP, zpPOLAR,THICK,VOUT

l

SE_ :0"
#(i.

=i

=_ RETURN

_1 READWINGTHICKNESS
7 SLOPES

I

SETCODESNOTTO PRINTOUTVELOCITYCOMPONENTS
I

i COMPUTEREFERENCEAREAASEXPOSEDWINGAREA
I

I
COMPUTEPRESSURES,FORCES,
ANDMOMENTSOF BODY

I
WRITEOUTPUTDATA

_0. = 0.

DRAG POLAR REQUESTED
i)READ DELTA
2)ADD DELTA TO
PREVIOUSINCIDENCE

COMPUTEPRESSURES,FORCES,
ANDMOMENTSOFWING

II

i

WRITEOUTPUTDATA

= 0.

!

DRAGPOLARREQUESTEDI
) READDELTA
1)ADDDELTATO IPREVIOUSINCIDENCE

I

COMPUTEPRESSURES,FORCES,
ANDMOMENTSOF WING-BODY
COMBINATION

l
WRITEOUTPUTDATA

_0. --0"

DRAGPOLARREQUESTED
1) READDELTA
2) ADDDELTATO

PREVlOUSlNCIDENCE

• I
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USAGE: CALL FORCES

COMMON DATE (2), NTAPEA, NTAPEB, NTAPEC,
NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO,
NBODY, NWING, XMACH, SYM, KACE

DIMENSION AREA(200), ALPHA(100), ALPHAB(100),

ALPHAL(100), ALPHAS(200), ALPHAU(100), ALPHAW
(100), CL(200), CLBB(100), CLWW(100), CPL(100),
CPU(100), CPB(100), THETA(200), TITLE(12). U(100),
UWBT(100), UBWT(100), UWWT(100), V(100), VWBT
(100), VBWT(100), VWWT(100), W(100), WWBT(100)
WBWT(100), WWWT(100), XBAR(200), YBAR(200),
ZBAR(200), ALPHAT(100), n(200), B(200), C(200). UBB
(100), VBB(100), WBB(100), UWW(100), VWW(100),
WWW(100), ALPHAX(100), UWB(100), VWB(100), WWB
(]oo), UBW(100), VBW(100), WBW(100), ABX(100), AWX
(100), WSCLL(20), WSCDL(20). WSCLU(20), WSCDU(20),
WSCL(20), WSCD(20), CHORD(200), NROW(2), NFMT(8),
XC(200), YC(200), ZC(200), XB(51), R(51), THETAB(10),
ZDELTA(51), CPBB(51, 10)

Input: See Aerodynamic Card Set of Input Data Format
(section 3.3).

Output: Body-Alone

BBCD =

BBCL =

BBCM =

CPBB =

Case

Coefficient of drag.

Coefficient of lift.

Coefficient of pitching moment

Pressure coefficients.

Wing-Alone

WCD =

WCL =

WCM =

WSCD =

WSCL =

CPU =

CPL =

CL =

ALPHAU =

ALPHAL =

Case

Coefficient of drag.

Coefficient of lift.

Coefficient of pitching moment.

Spanwise distribution of drag.

Spanwise distribution of lift.

Upper surface wing pressure
coefficients.

Lower surface wing pressure
coefficients.

Pressure difference

CL = CPL - CPU

Upper surface wing panel slopes.

Lower surface wing panel slopes.
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SUBROUTINE S

CALLED:

E RROR RE TURNS:

RESTRICTIONS:

STORAGE :

Wing-body combination case

NOTE: In addition to the output for the wing
alone and body alone, the incremental pressures,
forces, and moments on the body due to the wing
are given for this case:

BWCD = Coefficient of drag.

BWCL = Coefficient of lift.

BWCM = Coefficient of pitching moment.

CPB = Pressure coefficinets.

and also for the total wing-body combination:

WBCD = Coefficient of drag.

WBCL = Coefficient of lift.

WBCM = Coefficient of pitching moment.

INOUT
CAMBWB
CAMBW
B LDM
KARMOR
READ
WLDM
DCPD
DCPI
CVE L
INTPOL
OUTB
OUTW
OPTMWB
RITE
OPTMW
CP

COS } (Built-in functions)SQRT

None

NBODY <_ 100

NWING <_ 100

1097810 = 253428
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

FORTB_AN Subroutine FROOTA

To find the root of a single-valued function f(x).

FROOTA is designed to be called repeatedly until a root is

found within a given tolerance. On initial call it is given

two points on the function; these two points bracket the root.

FROOTA computes two values of x (estimates of the root

location) and returns with a code indicating that it wishes

to be called again. Calling program finds function values

corresponding to the two root estimates and calls FROOTA

a second time. FROOTA determines which points now

bracket the root, computes new root estimates, and returns.

Process continues until FROOTA signals that root has been
found.

Root estimates are made as follows: (a) the first root is

estimated by assuming the function to be linear between the

bracketing points, and (b) the second root is estimated by

bisecting the bracketing interval. A root is located when

(1) exact root is found, (2) bracketing interval becomes

smaller than given tolerance, or (3) root estimate made on

the basis of linear interpolation is identical to x-value of

bracketing point.

DIMENSION R(10)

R(9) = 0.

R(10) = Tolerance

R(1) = 1R(3) Initial bracketing values of x

DO (z I = 1,50

R(2) = Function value corresponding to R(1)

R(4) -- Function value corresponding to R(3)

CALL FROOTA(R, J)

IF (J)_, _, (_

(_ CONTINUE

error exit

success exit.

Input:

Root is in R(1).

(First call only.

where x a > xb

R(1) = xa

R(2) = f(Xa)

R(3) = xb

R(4) = f(xb)

Assume root bracketed by x a, x b
orx a < Xb. )
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Input:

Output:

R(9) = 0.

R(10) = Tolerance (in x), which may be zero

(2nd and succeeding calls)

R(2) = f(R(1))

R(4) = f(R(3))

R(1) = Root estimate ffJ = 1

= Root ifJ = 0

R(3) Root estimate if J = 1

R(5) xc }

R(6) f(Xc) where xc and xd are values of

R(7) xd x which currently bracket the

root (x c < Xd).
R(8) f(xd)

R(9) = Number of times that FROOTA has been

called.

J = 0 The root has been found.

= 1 The root has not yet been located.

= -2R(9) < 0.

= -3 f(Xa) *f(xb) > 0 on the first call,
wnmn means that the root is not bracketed.

SUBPROGRAM

CALLED:

RESTRICTIONS:

STORAGE :

None

Function values at limits of initial interval must not have

the same sign. Function must be continuous over interval.

It may have a number of roots but, of course, FROOTA will

only find one. Last six elements of R-array must not be

changed between successive calls for a particular case.

18610 = 2728
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SUBJECT: FORTRAN IV Subroutine FSF

{See Subroutine FFSF)
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SUBJECT- FORTRAN IV Subroutine FSR

(See Subroutine FFSR)
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

SUBPROGRAM

CALLED:

FORTRAN IV Subroutine FTAN

To compute the tangent of a floating point radian argument.

The tangent function is computed as follows:

1) if 0 < i xf< 10 -4 radians, tan x = x

2) if 10 -4 < ix I < 77/4 radians,

tan x - x x2
1 --- x 2

3 --- x 2
5 --- x 2

7 --- x 2
9 - --

11

3) if _r/4 < I x I < 17/2 radians, and

1
a) x > 0, then tan x =

tan (Tr/2 - x)
1

b) x < 0, then tan x =
tan (rr/2 - Ix I)

The function name TAN (X) is used in an arithmetic expres-

sion where the argument X is a FORTRAN expression.

None

ERROR RETURNS:

RESTRI C TIONS:

STORAGE :

None

X is restricted: IX I < 226 "?r and not within two bits of

an odd multiple of 17/2.

If I X i > 2 26 ?r an error message is given.

If the argument is within two bits of an odd multiple of ?r/2,

an error message is given.

The accuracy is at least 8 significant digits for 0 < x < rr

radians, at least 7 significant digits for 7r < x < 2 Tr and

at least 6 significant digits otherwise.

12410 = 1748
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SUBJECT:

PURPOSE:

METHOD :

USAGE :

FORTRAN IV Subroutine GEOMD

To control subprograms that deal with the first phase of

wing-body geometry.

A buffer is set up (see Appendix A) that is used by all

lower-level subroutines for all variable-length storage

arrays. Data cards are read by subroutine INTURP

until a valid command (in columns 1-6) is found. After any

command except DEFEND is executed, data cards are again

read until another valid command is encountered; a DEFEND

command returns control to the calling program. For a

command BODY (or BODY), subroutine BODY1 is called

to read body definition data and compute points on body

meridian lines. A command WING (or WlNG) results in

a call of subroutine WINGA to read wing definition data and

compute points on wing percent lines. A WBX command is

used to find the intersections of previously defined wing per-

cent lines with a body surface. The TDUMP command sets

a code which will later result in a printout of the contents of

the definition tape. A NOTAPE (or NOTAPE) command

sets a code to suppress the writing of a definition tape (see

Appendix C).

DIMENSION DATE(2)

COMMON /LGEOMD/ LGDEF(3, 6)

LOGICAL LGDEF

CALL GEOMD (DATE, LI, LO, LER,

Input: DA T E =

LI =

LO =

LER =

LTAPE =

Output: LDGEF =

LTAPE)

Date (alphameric).

Input tape number.

Output tape number.

Output tape number for error comments.

Definition tape number.

Logical array describing which defini-

tions were requested and completed.

LGDEF(i, j) is .TRUE. if the ith

statement is true for the jth component.

jth component

1. Upper wing surface percent lines.

2. Lower wing surface percent lines.
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SUBPROGRAMS

CALLED :

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

3. Body surface meridian lines.

4. Wing planform points.

5. Intersections of upper wing per-

cent lines with body surface.

6. Intersections of lower wing per-

cent lines with body surface.

i th statement

1. This component requested.

2. This component successfully

computed.

3. This component successfully

computed and the results written

on LTAPE.

1CLEAR
t (See Appendix A)INIBFR
J

TDUMP

DEFEND

BODY1

INTURP

WINGA

WBXUL

The LGDEF array will reflect any errors detected. Lower-

level subroutines write error messages on tape LER.

The suggested order for commands is BODY, WING, WBX,

DEFEND. The minimum set of commands is BODY,

DEFEND (or WING, DEFEND). The last command must

always be DEFEND. NOTAPE must be placed before WBX

(if present). BODY, . .., WING or WING, ..., BODY must

precede WBX. A required set of data cards (see Input Data

Format, 3.3) must follow each command except TDUMP,

NOTAPE, and DEFEND.

1028910 = 240618
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SUBJECT:

PURPOSE :

METHOD:

US AGE:

SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine INOUT

To print out all input aerodynamic data.

The input data is written on the output tape for subsequent

off-line printing.

CALL INOUT (NTAPEO, KASE, CPCALC, POLAR, THICK,

VOUT, RFAREA, XP, ZP, XMACH, SYM)

Input: NTAPEO = Logical number of output tape.

KASE = Code that selects case option.

CPCALC = Code that selects pressure coefficient

calculation option.

POLAR = Code that selects drag polar option.

THICK = Code that selects wing thickness

option.

VOUT = Code that selects velocity components

printout option.

RFAREA = Half wing reference area.

XP = x-coordinate of point about which the

pitching moments are to be computed.

ZP = z-coordinate of point about which the

pitching moments are to be computed.

XMACH = Mach number.

SYM = Configuration symmetry condition.

None

None

None

47210 = 7308
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SUBJECT:

PURPOSE:

METHOD:

USAGE :

FORTRAN iV Subroutine iNPbri_

To read body definition and transformation data from scratch

tapes as provided by previous program section and to read
body paneling data from input cards.

Program uses direct read tape statements to obtain body

definition and transformation from scratch tapes (see
Appendix C for tape format). Similarly program reads
input tape directly for body paneling input card data.

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: ND1
ND4

NREAD

NWRITE

COMMON /COM1/ (See subroutine PANEL)

Output: KOPTB

KINT

XI

YI

ZI

NPER

NPER1

NPLANE

NPLN1

COMMON /COM2/ (See subroutine BODY)

Output: NPLNB
NPLNW

JLEAD

JTRAIL

NPTS

X

Y

Z

XCEPT

XCEPTB

XCEPTW

YCEPTW

ZCEPTW

CODEBW

CALL INPUTB
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CALLED ".

ERROR RETURNS:

STORAGE :

FSR

CHECK

Error message indicates whether body cutting planes are

incorrectly defined on input cards. Error messages also

indicate whether size of subscripted array is exceeded by

input card data or by data on scratch tapes.

597210 = 135248
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

SUB PROGRAM S

CALLED :

ERROR RETURNS:

STORAGE :

FORTRAN IV Subroutine INPUTW

To read wing definition and transformation data from scratch

tape as provided by previous program section and to read wing

paneling data from input cards. Program reads input cards

that define wing cutting planes, and, if an option is used, pro-

gram reads actual upper and lower airfoil surface coordinates

from which wing camber and thickness are calculated.

Program uses standard read tape instructions to obtain wing

definition from scratch tapes (see Appendix C for tape for-

mat). Similarly program reads input tape for wing panel-

ing card data.

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: ND4

NREAD

NWRITE

COMMON /COM1/ (See subroutine PANEL for description)

Output: KOPTW

KOPTF

NUMS

NPER

NPER1

NPLANE

NPLN1

COMMON /COM2/ (See subroutine WING for description)

Output: NPTS
X

Y

Z

KPNT

VALUE

YCEPT

SLOPE

CALL INPUTW

FSR

CHECK

Error messages indicate if size of subscripted array is ex-

ceeded by data on input cards or on scratch tapes.

594610 = 134728

283



SUBJECT:

PURPOSE :

M E THOD:

FORTRAN IV Subroutine INTAPE

To input geometrical data to the aerodynamic links of the

program.

The geometrical data is read into the aerodynamic links of

the program from binary scratch tapes generated in the

geometry links. The format of the tape that transfers the

panel geometry from the paneling links is described in

Appendix C. The geometry of the isolated body is trans-
ferred from the transformation links. The format of

this tape is given in Appendix C.

USAGE : CALL INTAPE (THKW)

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWING, XMACH, SYM,

KACE

/BLOCK/X(200, 3, 4), Y(200, 3, 4), XBAR(200)

YBAR(200), ZBAR(200), XC(200), YC(200),

ZC(200), THETA(200), ALPHAS(200), AREA(200)

CHORD(200), NPART(200), NPANEL, ISYM,

A(200), C(200), V(200), VPM(200), VV(200),

W(200), WPM(200), WW(200), VPMM(200),

WPMM(200), ALPHAC(100), ALPHAT(100)

DIMENSION JSAVE(2), NSAVE(2), NROW(2), XB(5i),

R(51) ZDELTA(51), ARRAY(3, 10),

THETAB(10)

Input: XMACH = Mach number.

SYM = Configuration symmetry condition.

NTAPEC = Logical tape number from which the

panel geometry is read.

NTAPED = Logical tape number from which the

geometry of the isolated body is read.

NBODY = Number of body panels.

NWING = Number of wing panels.

Output: THKW = 0., indicates velocity components

due to wing sources are not to be

com puted.
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

KACE

None

None

NWING <_ 100

NBODY < 100

99410 = 17428

= 1., indicates velocity components

due to wing sources are to be com-

puted.

= 1, indicates wing only case.

= 2, indicates body only case.

= 3, indicates wing-body combination case
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SUBJECT:

PURPOSE:

M E THOD:

USAGE :

FORTRAN IV Subroutine INTPOL

The drag of an individual panel may be obtained by multiply-

ing the panel pressure by the product of the average down-

wash over the panel and the area. The program calculates

panel pressure and downwash (ni)at the control point .
As the control point is normally located at 95 percent of

the panel chord, the downwash at this point is often greater

than the average downwash of the panel. Thus it is neces-

sary to interpolate for the average downwash of the panel

in calculating the drag.

For the first panel of any chordwise column, the average

downwash is obtained by a linear extrapolation of the down-

wash at the control points of the first two panels.

_ (R - R) (n2 - nl)

nI = nI +

I+R

where R = The location of the control point as a fraction of

the local panel chord.

R = The location of the point as a fraction of the

local panel chord at which the downwash used

in drag calculations is to be found.

C = The local chord length of the panels.

For the remainder of the panels in any chordwise column

of panels, the downwash is obtained by a linear interpola-

tion of the downwash of the adjacent panels.

_ C i (R - R) (n i - ni_l)
n i = n i +

Ci-i ( Ci _ 1)Ci_1 + R ----1

CALL INTPOL (NM, NROW, RATIOX, RATIOD, CHORD,

ALPHAM, ALPHAD)

DIMENSION CHORD(NM), ALPHAM(NM), ALPHAD(NM)

Input: NM = Total number of panels on wing or

body.

NROW = Number of panels in a chordwise

column.
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Output:

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE: 17710

RA TIOX =

RATIOD --

CHORD =

ALPHAM =

ALPHAD =

2618

Location of the control point as a

fraction of the local panel chord.

Location of the point as a fraction of

the local panel chord at which the

downwash is to be found.

Array of the local chord lengths of

the panels.

Array of panel downwash at the con-

trol point locations.

Array of interpolated panel downwash
values.
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SUBJECT:

PURPOSE:

ME THOD :

FORTRAN IV Function INTURP

To read and write a data card, then find which word in a

given table is the same as the first word in the data card.

Let LI be the input tape and LO the output tape. INTURP

reads the next data card on LI with FORMAT (13A6, A2).

If LO > 0, the contents of the card are written on LO with

FORMAT (1H0_I4A6). A fixed-point comparison is
made between the first word on the card and each word in

the table until a match is found or the end of the table is

reached. The function value returned is the position in the

table that matched the first word in the data card, or else

zero if no match was found.

USAGE • DIMENSION T (N)

K = INTURP (T, N, LI, LO)

T = Table.

N = Number of words in T.

LI = Input tape.

EXAMPLE:

LO = Output tape.

K = Function value.

A data deck might have three types of data cards, each group

with a header card having a code word in the first six columns,

and perhaps comments in the remaining columns. Assume

the code words are BODY, WING, and DEFINE. A portion

of the progTam could be written as follows:

DIMENSION T(3)

DATA T/4HBODY, 4ItWING, (;tlDI'FINE/

10 K = INTURP (T, 3, 5, 6)

IF (K) 10, 10, 20

20 GO TO (100, 200, 300), K

SUBPROGRAM

CALLED: None

ERROR RE TURNS: None

RESTRICTIONS: None

STORAGE: 9810 = 1428
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SUBJECT:

PURPOSE:

METHOD:

USAGE :

FORTRAN IV Subroutine INVBB

For the wing-body case, to preprocess the aerodynamic
influence coefficients matrix.

where

I ABB ABW 1AWB AWW

ABB = The influence on the body due to the body

AWB = The influence oll the wing due to the body

ABW = The influence on the body due to the wing

AWW = The influence on the wing due to the wing

by inverting ABB and partitioning AWB in preparation for

reduction of the matrix (subroutine REDUCE).

The portion of the aerodynamic influence coefficients

resulting from the influence of the body is read from logical

tape NTAPEA by columns into core. AWB is written im-

mediately on logical tape NTAPED. ABB is inverted in
core by the single precision inversion subroutine SINVRT.

The matrix inverse is then stored on NTAPED behind AWB.
Both matrices are written by columns as a logical record.

Logical tape NTAPED is rewound and NTAPEA is left at

the position of the last read instruction.

CALL _VBB

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO, NBODY,

NWING, XMACH, SYM, KACE

DIMENSION ABB(102, 102), AWB(100)

Input: NTAPEA

NTAPED

NTAPEO

NBODY

NWING

A

= Logical number of scra£ch tape.

= Logical nun_ber of scratch tape.

= Logical number of output tape.

= Number of body panels.

= Number of wing panels.

= Aerodynamic influence coefficients
matrix on logical tape NTAPEA.
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

S T ORAGE •

Output: AWB

ABB -1

Partition of the aerodynamic influ-

ence coefficients matrix resulting

from the influence of the body on

the wing written on logical tape
NTAPED.

Inverse of the pa,litlon o[ the aero-

dynamic influence coefficients

matrix resulting from the influence

of the body on the body written on

logicaltape NTAPED.

SINVRT (see Appendix B)

If an error occurs in the inverstion of the matrix, the

message "ERROR IN INVERSION OF BODY MATRIX"

will be written on the output tape. The values for IRR1,

IRR2, and SCALE returned by subroutine SINVRT are

also written on the output tape.

The matr_.x to be inverted must not exceed the order 100.

1068610 = 246768
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

SUBPROGRAM

CALLED:

ERROR RETURNS:

RES TRI CTIONS :

STORAGE :

FORTRAN IV Subroutine INVRW

For the wing-body case, to invert the reduced aerodynamic

influence coefficients matrix.

The reduced aerodynamic influence coefficients matrix is

read from logical tape NTAPEE into core. The matrix is

inverted in core by the single-precision inversion sub-

routine SINVRT. The matrix inverse is then stored on

logical tape NTAPEE behind original matrix with an end-

of-file separating the two matrices. An end-of-file is also

written after the inverted matrix. The tape is then rewound.

CALL INVRW

COMMON

DIMENSION

Input:

DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWING, XMACH, SYM,

KACE

ARWW(102, 102)

NTAPE E

NWING

ARWW

Outl)ut : ARWW-1

= Logical number of scratch tape.

= Nmnber o1' wing panels.

= Reduced aerod_lamic influence coef-

fieients matrix.

Inverse of the reduced aerodynamic

influence coe[ficients matrix.

S1NWRT (see Al)pcndix B)

If an error occurs in the invcrsi()n ,)[ the matrix, the mes-

sage "ERROR IN INVERSION OF REDUCED MATRIX"

will be written on the output tape. The values of IRR1,

IRR2, and SCALE returned by subroutine SINVRT are

also written on the output tape.

The matrix to be inverted must not exceed the order 100.

1057810 :: 245228
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SUBJECT:

PURPOSE :

ME THOD •

USAGE:

FORTRAN IV Subroutine INVW

For the wing-alone case, to invert the aerodynamic influence

coefficients matrix and to store both the matrix and its in-

verse on a scratch tape.

The aerodynamic influence coefficients matrix previously

computed is read from logical tape NTAPEA into core and

simultaneously stored on logical tape NTAPEE, where

NTAPEA and NTAPEE are logical tape numbers of scratch

tapes stored in COMMON. The matrix in core is inverted

by a single precision inversion Subroutine SINVRT. The in-

verse is stored behind the original matrix on logical tape

NTAPEE with an end-of-file mark separating the two
matrices. An end-of-file mark is also written after the

inverted matrix. Both tapes are then rewound.

CALL INVW

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWING, XMACH, SYM,

KACE

DIMENSION AWW(102, 102)

Input: AWW = Aerodsmamic influence coefficients

matrix on logicaltape NTAPEA.

Output: AWW = Aerodynamic influence coefficients

matrix written on logical tape NTAPEE.

AWW -1 = Inverse acrt)dynamic influence coeffi-

cients matrix written on logical tape

NTAPEE.

SUB PROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

SINVRT (See Appendix B)

Ifan error occurs in the inversion of the matrix the message

ERROR IN INVERSION OF WING ONLY MATRIX will be

written on the output tape. The values for IRR1, IRR2, and

SCALE as returned by subroutine SINVRT are also written

on the output tape.

The matrix must not exceed the order 100.

1059810 = 245468
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SUBJECT:

PURPOSE:

ME THOD:

FORTRAN IV Subroutine KARMOR

For the isolated body, to compute the velocity components
induced by source and doublets and the resulting pressures,
forces, and moments.

The body, considered to be made up of a series of K-
truncated cones, is defined by the radius R at a series
of stations X along its length.

z _ v_i

CONTROLPOINTON
BODYSURFACE

Z II

Z _

CONTROLPOINTON
ARBITRARYPANEL

- y"

r

Y

In general, the source strength of the i th

given by

segment is

- = BBSik i

W. =

- dr' UBBSiiaBBSii (_-") i

T k

where

d(__) = ri - ri-1
i xi - xi-1

x i - x k

UBBSi k = _cosh -1 _ r i
, the axial velocity

_J(xi - Xk)2
= 1

aBBSik (_ ri)2
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th
The strength of the doublets for the i

•
TDi =

segment

- (-_)i UBBDik]TDk

where

(d.) UBBD.aBBDii - i _i

( ._dze Zci - Zci-1, the slope of the body camber
-_]i = xi - _i-1 line

x i .. X__k)2

UBBDi k = B cos 0i_ ( _2ri 2 1, velocitytheaxial

component

aBBDik - 2 cos eAi cosh -1 _- _r; )

f (x-i - Xk)2 -1 ]+(Xi_rXk-) _ (_ ri)2

x k = x coordinate of the origin of the k th line
singularity

The pressure coefficients on the body due to the line
sources and doublets

C
PB.

1

2 2

= 2uB'l + fl 2 UB.1 2 _ v rB. - VSB"
1 1

_ UBBSik" Tk _ UBBDik ° TD k
UB. =

1

V _

rB.
1

VOB.

K

 (Vr Tk Vr)BBSik BBDik TD k

k=

K

Tkv )BBSi k + OBBDi k" TD k
k=l
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The lift, drag, and moment of the body due to the line

and doublets are computed as follows:

1) The lift of a segment of the body between x i and xi_ 1 is

(A-_-) ____(X i - x. 1) ( r + ri_l ) cos ej A ej

CpR
ij 2 1- i "

the drag for this segment is

(_-_) = CpBJ (ri2+ ri21)._0j
ij 2

where q is the dynamic pressure and the subscript j

denotes a point on the circumference of the body.

2) The total lift, drag, and pitching moment is obtained

by summing that of all the seg_lents.
J K

j:l i:1 ij

J K

DB= : 5:
j=l i:1

J K

j:l i:1

,j

r i cos 0 J

(+x i xi_ 1

2

where the moments are computed about the point (x, z)

The velocity components on the wing panels due to line

sources and doublets are calculated by the summation for-

mulas following equation (104) of Part I.

USAGE: CALL KARMOR (NBODYS, NTHETA, CPCALC, VOUT,

ZA, ARA, XP, ZP, XB, R, THETAB, ZDELTA, XC,

YC, ZC, THETA, U, VV, WW, AN1, CPBB, BBCL,

BBCD, BBCM)
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COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,
NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO,
NBODY, NWING, XMACH, SYM, KACE

DIMENSION XB(NBODYS), R(NBODYS), THETAB
(NTHETA), ZDELTA(NBODYS), XCiNWING + NBODY),
YC(NWING+ NBODY), ZC(NWING+ NBODY), U(NWING),
W(NWING), WW(NWING), ANI(NWING), CPBB(51, I0),
THETA(NTHETA), ALPHAC(51), DTHETA(10), T(51)
TC(51), TX(51), UB(51, I0), VB(51, I0), VTB(51, I0)

Input: NBODYS = Number of points defining the body
line source segments.

NTHETA = Number of e's around the body.

CPCALC = 0., calculation of pressure coef-
ficients to use linear equation.

0., calculation of pressure coef-
ficients to use non-linear equation.

VOUT =

ZA =

ARA =

XP =

ZP =

XB =

R

THETAB =

ZDELTA =

XC =

0., velocity components are not re-
quested to be printed.

1., velocity components are re-
to be printed.

Height of wing reference plane
above body axis.

Angle of attack with respect to body
axis.

X-coordinate of point about which
the pitching moments are to be
computed.

Z-coordinate of point about which
the pitching moments are to be
computed.

Array of x-coordinates _f tho body
iine source and doublet segments.

Array of body radii defined at the
XB coordinates.

Array of output points around the

circumference of the body.

To define the body camber, the
array of z distances defined at

the XB coordinates.

Array of the panel control point
x-coordinates.
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SUBPROGRAM
CALLED:

ERROR RE TURNS:

RE STRI C TIONS:

STORAGE:

Output:

ATAN2

ALOG

SIN

SQRT
COS

None

None

299610

YC

ZC

THETA

U

VV

WW

AN1

CPBB

BBCL

BBCD

BBCM

= Array of the panel control point
y-coordinates.

= Array of the panel control point
z-coordinates.

= Array of the angles between the
plane of panels and a plane par-

allel to the x-y plane.

= The x component of velocity on the
wing panels due to body sources
and doublets.

= The y component of velocity on the

wing panels due to body sources and
doublets.

= The z component of velocity on the
wing panels due to body sources
and doublets.

= The normal component of velocity

on the wing panels due to body
sources and doublets.

= The coefficientsof pressure on the

isolated body.

:: Liftof the body.

= Drag of the body.

= Pitching moment of the body.

(Built-infunctions)

= 56648
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SUBJECT:

PURPOSE :

ME THOD :

m

-2A 1 all

-(A 2a21+A lal 2)

-A 1

-x I A 1

FORTRAN IV Subroutine MDMATE

To compute the matrix resulting from the application of the

Lagrange multipliers technique in minimizing the drag for

given wing constraints.

The minimum drag of a wing in the presence of a body for

given wing C L and pitching moment may be determined by
applying the method of Lagrange multipliers to the system

of equations defining the drag. A function F is defined in

terms of the pressure difference of the wing panels, PWi,
and the auxiliary variables (Lagrange multipliers) k 1

and _ 2"

F = D + _i (L - L) + )_2 (M - M)

The condition for minimum drag for the constraints that

L = L and M = M is found by setting the partial deriva-

tives of F with respect to the variable PW i,)_1, and _ 2

equal to zero. The result is the following system of

linear equations, and the pressure difference across

the wing panels may now be determined for minimum

drag.

m

-(A la12 + A 2a2 I)- . -A 1 -xIAI

-A 2

-A N - x N A N

-A N 0 0

-x I A N 0 0
n

PW i

Pw2

PW N

A 1

)'2

il(n I + nB1) •

A2(n 2 + nB2)

AN(n N + nBN)

where n i = The downwash on the wing due to the body

sources.

nBi = The downwash on the wing resulting from the
cancelation of normal velocity on the body due

to the wing thickness.

If only the lift is constrained, the row and column of the

matrix corresponding to k2 are omitted and pw i is found
by inverting as before.
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US AGE :

SUBPROGRAM

CALLED:

ERROR RETURNS:

In this subroutine, the coefficients of the system of equa-

tions are computed and the inverses for the two cases are

stored on a scratch tape in preparation for wing optimiza-

tion by a later link. The matrices are stored with an end-

of-file mark separating them.

CALL MDMATE

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO,

NBODY, NWING, XMACH, SYM, KACE

DIMENSION WW(ll0, 110), XBAR(200), AREA(200)

Input: XBAR = Array of panel centroid x-coordinates.

ARE A

NBODY

NWING

WW

NTAPEE

NTAPEA

Output: WW

WW-1

WW-1

= Array of panel areas.

= Number of body panels.

= Number of wing panels.

= Reduced matrix of the aerodynamic

influence coefficients.

= Logical tape number from which the

reduced matrix of the aerodynamic
influence coefficients is read.

= Logical tape number on which the

drag minimization matrices is stored.

= Drag minimization matrix written on
NTAPEA.

= Inverse of the drag minimization

matrix constrained for wing lift written

on NTAPEA.

= Inverse of the drag minimization matrix

constrained for wing lift and pitching
moment written on NTAPEA.

SINVRT (see Appendix B)

If an error occurs in the inversion of the matrix, a message

will be written on the output tape "ERROR IN INVERSION

OF DRAG MINIMIZATION MATRIX" followed by the error

codes from subroutine SINVRT.
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RESTRICTIONS:

STORAGE:

The matrix to be inverted must not exceed the order 102.

1302010 = 313348
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SUBJE CT:

PURPOSE :

M E THOD :

USAGE :

SUBPROGRAM

CALLED :

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine MEAN

To smooth a set of data points defining a single-valued func-

tion of one variable.

A sliding operation that deals with four points at a time

((xi, Yi), i = 1, 2, 3, 4) is employed. Points whose ordi-

nates may be changed are the interior two points at each

setting of the operation. The abscissae of the input points

are not changed. A straight line is drax_nl from (Xl, Yl) to

(x3, Y3) and another straight line from (x2, Y2) to (x4, Y4).
If the abscissa of the intersection of these two lines lies in

the interval (x2, x3) , then the points are left as is, and the
operation slides over one point and begins anew. If the lines

are parallel or if the abscissa of the intersection is outside

(x2, x3) , then new ordinates Y2 and Y3 are calculated. An

ordinate on the first line is evaluated at the abscissa x2;
similarly an ordinate on the second line is evaluated at the

abscissa x 3. The new values Y2 and Y3 are the mean
values of the original ordinates and new ordinates so
calculated.

This operation slides along the set of points until all interior

points have been subjected to smoothing. Five such passes

made over the curve at each call of MEAN.

CALL MEAN (X, Y, N)

Input: X = Array of abscissae: a strictlymonotone sequence

Y = Array of ordinates to be smoothed

N = Number of points

Output: Y = Smoothed ordinates (the first and last points

are not subjected to smoothing)

None

None

The abscissae must be strictlymonotonic; thus vertical

slopes are excluded.

16310 = 2438
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SUBJE C T:

PURPOSE :

METHOD:

USAGE :

FORTRAN IV Function MERR

To write error messages for subroutines in the geometric

definition portion of the program.

An error array NU is given. NU(1) is an error code that

should be the same as a given success code IOK if an error

condition does not exist. NU(2), if greater than zero, is the

number of an output tape on which an error message can be

written. NU(3) is an error message limiter; a message is

not to be written unless NU(3) is greater than i. M is an

error message number.

If NU(1) = IOK, the function value (K) is set to zero, and

no further action is necessary. Otherwise, NU(3) is de-

creased by l;thenif NU(2) <_ 0 or if NU(3) <__0, K is set

to -I and return is made to the calling progTam. Other-

wise, the following message is written:

"ERROR i, CODE j, IN SUBROUTINE xxxxxx DURING

GEOMETRIC DEFINITION"

where i -- M, j = NU(1), and _xx_x_x.x is the given name of
the subroutine in which the error occurred.

DIMENSION NU(3)

K = MERR (NU, IOK, M, SR)

Input: NU

IOK

M

SR

Output:

= Error array.

= Success code.

= Error message number.

= Subroutine name (alphameric).

Message on error tape.

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE: 8710 = 1278
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SUB JE C T:

PURPOSE :

ME THOD :

USAGE :

SUBPROGRAM

CALLED:

FORTRAN IV Function NWEED

To remove excess points from an array of points in m-space.

Each point is compared with the previous point. If all corre-

sponding coordinates are the same with given tolerances,

that point is eliminated by shifting the balance of the array

and reducing the number of points by 1. However, if the

last point is too near its neighbor, the neighbor is discarded

and the last point retained.

DIMENSION A(M, N), EP(M)

NN = NWEED (A, N, M, EP)

Input:

Output:

A = Given array of points.

N = Number of points in A.

M = Space dimension.

EP = Array of tolerances, one for each coordinate

A = Weeded array of points.

NN = Number of points in the \vecch,_l array (NN

may have the same storage location as N).

None

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

None

N > 1 and M > 0. If any EP(i) -- 0, no weeding will be

done. For weeding only on selected co,,_rdinates, EP is

set to some large value for the remaining coordinates.

15310 = 2318
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Program OPCAM

To interpret data commands and control flow through the

Program for Analysis and Design of Supersonic Wing-Body

Combinations.

The program first calls subroutine OPCAMI, which carries

out the following operations: (1) assigns logical tape numbers

to tape symbols (in COMMON); (2) obtains the data and

places it in COMMON; (3) writes the program title on

the output tape; (4) transfers the data cards to a scratch

tape, which is then used as the input tape for the remainder

of the program; (5) writes the data cards on the output tape.

Then function INTURP is used to read a data card, to write

its contents on the output tape, and to see whether it is a

command card. A command card has the words DEFINE,

DEF1NE, PANEL, AERODY, AREODY, END OF or END

OF in columns 1-6; the contents of the remaining columns

are written on the output tape but are not otherwise used.

If the data card is a command card, the appropriate action

is taken; otherwise, successive cards are read until a

command card is found (this feature permits the insertion

of comment cards or blank cards immediately before any

command card).

The command DEFINE (or DEF1NE) results in a call to

subroutine GEOMD. On return, data cards are again read

until a command card is encountered. If any GEOMD data

cards were not read because of error, they will be listed

by INTURP.

Subroutine TFLAT is called when a PANEL card is read.

IfTFLAT detects an error, itskips over data cards until

the input tape is positioned just in front of a DEFINE or

END OF card; OPCAM then goes on to process this card

in the usual way. But ifTFLAT signals success, then the

argument NOBODY (setby TFLAT) is examined. IfNOBODY

= -i, meaning a body-alone case, OPCAM goes on to read

the next data card; otherwise, OPCAM calls subroutine
PANEL.

OPCAM calles subroutine AERO when an AERODY (or AERODY)

card is read. An END OF (or END OF) card results in pro-

gram termination.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

AERO

C LOK

GE OMD

INTURP

TF LAT

PANE L

OPCAM1

Program errors are dealt with in the program section where

they occur.

Each time that INTURP reads and writes a data card,

OPCAM writes (on the same line, near the right margin)

the word TIME followed by the time of day. The time of

day is found by a subroutine CLOK. The basic program

deck contains a dummy subroutine CLOK which merely

returns blanks. A proper subroutine CLOK may replace

the dummy at the installation where the program is used.

15210 = 2308
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

FORTRAN IV Subroutine OPCAMI

To perform initialization chores for the main program
OPCAM.

Tape symbols are assigned as follows:

Symbol Tape Number

LIN 5

LO 6

LI 9

LA 1

LB 2

LC 3

LD 4

LE 7

LF 8

Description

System input tape.

System output tape.

Input tape used by remainder of

program.

Scratch tapes.

Subroutine DATE is called to obtain the date. A title is

written on the output tape. Tape LI is rewound. Then all

data cards are read with FORMAT(13A6, A2) from tape

LIN, written on tape LO with FORMAT(1H 14A6), and

written on tape LI with FORMAT(13A6, A2); the last data

card is signaled by the word END OF or END OF (in case

the letter O is mistakenly keypunched as the number zero)

in columns 1-6. Then an EOF is written on tape LI, and it
is rewound.

COMMON DAT(2), LA, LB, LC, LD, LE, LF, LI, LO

CALL OPCAMI

DAT = Date (alphameric)

L._

LC Scrateh tape numbers.
LD

LE

Output:
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

LF = Scratch tape number,

LI = Input tape number.

LO = Output tape number.

DATE

None

An END OF card must be placed at the end of the data deck.

If the END OF card does not appear in the data deck, the

job will be terminated by the EOF on the system input tape.

If the END OF card is not the physically last card, only

the data preceding it will be read by the remainder of the

program.

23510 = 3538
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SUBJECT:

PURPOSE:

METHOD

USAGE:

FORTRAN IV Subroutine OPTIM3

Given four successive points on the graph of a function of

a single variable, to generate additional points between

one selected pair of the given points, the spacing of the

additional points to be such that straight-line segments

joining them will represent the given function with a pre-

scribed maximum error.

Four successive arguments x i and their respective ordi-

nates Yi are input to the subroutine, together with a

tolerance z and integer k to indicate the interval (Xk,

Xk+l) to consider. OPTIM3 then generates the biquadratic
interpolating function described in subroutine BITURP.

This function is a linear combination of two quadratics on

the interval (x2, x3) , hence it is there a cubic; on either

of the other possible intervals it is a quadratic. In any

case, the function has a continuous first derivative, unlike

a Lagrangian interpolation polynomial of any order.

Having generated the interpolation function _, OPTIM3

computes its function value y, its slope S, and its radius

of curvature R, all at some particular x (at x k in the first

instance). In a small neighborhood of (x, y) the function

can be represented by a circular arc of radius R, tangent

at (x, y) to _. OPTIM3 then computes the central angle
of that arc so that the arc and its chord have a maximum

separation, in the y-direction, of z. Then the x-component

_x of that chord is the distance from the current argument

x to the next argument (unless Xk+ 1 has been reached), and
the process continues.

DIMENSION X(4), Y(4,)A(200), B(200)

CALL OPTIM3 (X, Y, Z, A, B, K, L,

Input: X =

y =

Z =

K =

Output: A

M)

Array of x-coordinates of given points.

Array of y-coordinates of given points.

Allowable tolerance (in y direction).

Subscript of x at lower end of interval

to be interpolated.

Array of x-coordinates of interpolated points.
A(1) = X(K), A(2) = x of first interpolated

point, etc.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

B = Array of y-coordinates of interpolated points.

B(1) = Y(K), B(2) = y of first interpolated

point, etc.

L = One more than the number of interpolated

points generated by the routine.

M = Error indicator, which is 1 if success.

ACOS ]
ATAN (Built-in functions)
COS

SQRT

M = 0 if X(1) = X(4); M = 2 if L = 200 and more points are
needed.

The xi must form a strictlymonotonic sequence, though

not necessarily equally spaced. Note thatthe A and B arrays

contain the firstgiven point, but not the last.

59410 = 11228
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SUBJECT:

PURPOSE :

ME THOD:

FORTRAN IV Subroutine OPTMW

For wing alone, to compute the pressure difference across

wing panels for a wing optimized for minimum drag.

The method is outlined in the description of subroutine

MDMATE. From the matrix inverse computed in MDMATE,

the following multiplication yields the pressure difference

across the panels:

USAGE •

ow 1

PW 2

PwN

)`1

)'2

-_-_1 all -(A1 a12 + A2 a21) .... A 1 -x 1 A_

-(A 2 a21 + A 1 a12} -A 2

-A N -x N AN

-A 1 -A N 0 0

-Xl A1 -x 1 A N 0 0

rain i

-1

o_

0

0

0

Z

If only the lift is constrained, the row and column of the

matrix corresponding to )'2 is omitted and pw i is found
as before.

DIMENSION

Input: NW

NTAPEX

CALL OPTMW(NW, NTAPEX, A, B, CONSNT, CLBAR,

XCPBAR, RFAREA, AREA, CL)

A(1), B(1), AREA(l), CL(1)

= Number of wing panels.

= Logical number of tape from which the

inverse of the minimum drag matrix
is read.

A = Dummy array used by the subroutine.

B = Dummy array used by the subroutine.

CONSNT = 0., indicates wing optimization for

wing C L constraint.

= 1., indicates wing optimization for

wing C L and pitching moment con-
straints.

CLBAR = Wing coefficient of lift constraint.
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Output:

SUBPROGRAM

CALLED : None

ERROR RETURNS: None

RES TRI C TIONS: None

STORAGE :

XCPBAR = x-coordinate of the wing center of

pressure constraint.

RFAREA = Wing reference area.

AREA = Array of wing panel areas.

CL = Array of the pressure difference

across the wing panels optimized for

minimum drag.

13110 = 2038
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SUBJE C T:

PURPOSE :

METHOD:

PwN

AI

FORTRAN IV Subroutine OPTMWB

In the presence of a body, to compute the pressure differ-
ence across wing panels for a wing optimized for minimum
drag.

The method is outlined in the deseritpion of subroutine
MDMATE. From the matrix inverse computed in MDMATE
the following multiplication is carried out yielding the
pressure difference across the panels.

"{AI Sl| * A s all). •

-A 1 "AN

-a I A 1 . -I 1 AN
ms

.- -1
-A I -x_, A I

-A I

-A N x N A N

0 0

0 0
I

AN(;,N + inN)

g

where n. = The downwash on the wing due to body sources
sources
NBODY

Z Di_ •(-) is the downwash onns.
j = 1 J j the wing due to the

cancellation of the

normal velocity on
the body due to wing
thickness.

D.. = The interference influence coefficients
1]

matrix.

nBj Downwash on the body due to wing sources

L = C L • SW is the lift constraint

M- = "X " _L " SW is the pitching moment
constraint

If only the lift is constrained, the row and column of the

matrix corresponding to _2 is omitted and PW. is found
as before. 1
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SUBPROGRAM
CALLED:

ERROR RE TURNS:

RESTRIC TIONS:

STORAGE :

CALL OPTMWB(NW, NB, NTAPEX, NTAPEY, NTAPET,
A, B, ALPHA, ALPHAX, AREA, CONSNT, CLBAR,
XCPBAR, RFAREA, CL)

DIME NSION

(1),CL(1)

Input:

Output:

A(1), B(1), ALPHA(I), ALPHAX(1), ARE,.'

NW =

NB =

NTAPEX =

NTAPE Y =

NTAPE Z =

n

S __

ALPHA =

ALPHAX =

AREA =

CONSNT =

CLBAR =

XCPBAR =

RFAREA =

CL =

Number of wing panels.

Number of body panels.

Logical number of the tape from
which the inverse of the minimum

drag matrix is read.

Logical number of the tape from
which D is read.

Logical number of the tape from

which n B is read.

Dummy array used by the sub-
routine.

Dummy array used by the sub-
routine.

Dummy array used by the sub-
routine.

Array of downwash values on the
wing due to body sources.

Array of panel areas.

0., wing optimization for wing C L
constraint

1., wing optimization for wing C L
and pitching moment constraints.

Wing coefficient of lift constraint.

x-coordinate of the wing center of
pressure constraint.

Wing referenee area.

Array of the pressure difference
across the wing panels optimized
for minimum drag.

None

None

None

24910 = 3718
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SUBJECT:

PURPOSE:

M ETHOD:

FORTRAN IV Subroutine OUTB

To print out the data for body panels in a prescribed format.

The data for the region of the body represented by panels

are printed in the following format:

THETA (DEG.) 01

ROW NO.

1 Zl, 1

2 Z2, I

3

0 2 0NTHETA

Z 1,2 Z 1, NTHETA

USAGE :

SU BPROGRAM

CALLED:

ERROR RETURNS:

NROW Z NROW, 1 ZNROW ,NTHETA

The numbers running horizontally represent the angles, e

around the body starting at the crown line and proceeding

to the keel line. The numbers running vertically represent

the rows of panels starting from the furthest forward panel

and working aft.

CALL OUTB (NTAPEO, NBODY, NTHETA, NROWB,

THETA, Z)

DIMENSION Z (NBODY), THETA(NTHETA)

Input: NTAPEO = Logical number of output tape.

NBODY = Number of body panels.

NTHETA = Number of 0 angles.

NROWB = Number of rows of panels.

THETA = 0 angles.

Z = Data to be output.

None

None
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RESTRICTIONS:

STORAGE:

None

11910 = 1678
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SUB JE C T:

PURPOSE :

METHOD:

USAGE •

FORTRAN IV Subroutine OUTPTB

To write body paneling data on output tape as printout and

on scratch tape for use in other program sections.

Program uses direct write tape statements to write body pan-

eling data on output tape and on scratch tape (see Appendix C

for tape format). Program uses a tolerance of +0. 00001 and

sets all small negative and positive values equal to 0. Pro-

gram also checks and eliminates any trivial secondary panel

parts. An input tolerance is used for this check.

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: NTAPE2
NWRITE

Output: NBODY

COMMON /COM1/ (See subroutine PANEL)

Input: NPER
NPER1

NPLANE

NPLN1

COMMON /COM2/ (See subroutine BODY)

Input: KPANEL
XCOR

YCOR

Z COR

XINT

YINT

ZINT

XCEN

YCEN

ZCEN

XCON

YCON

Z CON

AREA

THE TA

ALPHA

CHORD

CALL OUTPTB
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SUBPROGRAM

CALLED:

ERROR RETURNS:

STORAGE :

SQRT (Built-infunction)

None

139210 = 25608
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SUBJECT:

PURPOSE :

ME THOD:

USAGE :

FORTRAN IV Subroutine OUTPTW

To write wing paneling data on output tape as printout and

on scratch tape for use in other program sections.

Program uses direct write tape statements to write wing

paneling data on output tape and on scratch tape (see Appen-

dix C for tape format). Program uses a tolerance of

±0. 00001 and sets all small negative and positive values

equal to 0. Program also checks all secondary panel parts

of two-part panels on inboard and outboard columns and

eliminates any "small" parts. An input tolerance is used
for this check.

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: NTAPE2
NWRITE

Output: N-WING

COMMON /COM1/ (See subroutine PANEL)

Input: KSTART
KEND

NPER

NPER1

NPLANE

NPLN1

COMMON /COM2/ (See subroutine WING)

Input: KPANEL
XCOR

YCOR

Z COR

XINT

YINT

ZINT

XCEN

YCEN

ZCEN

XCON

YCON

Z CON

AREA

TH E TA

ALPHA

CHORD

CALL OUTPTW
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SUBPROGRAM
CALLED:

ERROR RE TURNS:

STORAGE :

None

None

161210 = 31148
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subr(xttine OUTW

To print out the data for wing panels in a prescribed format.

The data for the wing panels are output in the following format:

SPANWISE STATION 1 2

CHORDWISE STATION

1 Zl, 1 Zl, 2

2 Z2, 1

3

3 NCOL

Zl,NCOL

USAGE:

NROW ZNROW,1 ZNROW, NCO:

The numbers running horizontally represent NCOL columns

of panels from inboard to outboard, and the numbers running

vertically represent NROW rows of panels from the leading

to the trailing edge.

CALL OUTW (NTAPEO, NWING, NCOLW, NROWW, Z)

DIMENSION Z (NWING)

Input: NTAPEO = Logical number of output tape.

NWING

NCOLW

NROWW

Z

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE: 11910 = 1678

= Number of wing panels.

= Number of chordwise columns of panels.

= Number of rows of panels in a chordwise
column.

= Data to be output.
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SUBJECT:

PURPOSE :

ME THOD:

FORTRAN IV Subroutine PANEL

To serve as control program for geometry paneling sub-

routines.

Program first reads control card used in later subroutines

to calculate coordinates of panel control point. Program

then reads control card containing literal name and transfers

to appropriate subroutine. Either the program transfers
to the subroutine BODY or to the subroutine WING, or the

program returns to the subroutine OPCAM.

The program contains the following labeled COMMON

statement that occurs in all lower level geometry paneling

subroutines:

COMMON/COM1/KODEB, KODEW, KODEW-U, KODEI,

KODEC, ]<PER, YPER, KOPTB, KOPTW, KOPTF,

NUMS, KTYPE, KSTART, KEND, KINT, XI(16),

YI(16), ZI(16), NPER, NPER1, NPLANE,
NPLN1

KODEB =

KODEW =

KODEWU =

KODEI =

KODEC =

XPER

YPER

Code for body definition error.

Code for wing definition error.

Code for error in wing thickness (or

camber) calculations.

Code for body-wing intersection definition
error.

Code for panel control point location. If

KODEC = 0, panel control point is located

on the streamwise chord through the

panel centroid. If KODEC = 1, input
value for YPER is used to locate control

point.

Fraction of local streamwise panel chord

at which panel control point is located.
0._ XPER_<I.

Fraction of local spanwise panel chord at

which panel control point is located.
0. < YPER--<I.

NOTE: If YPER = 0, panel control point

is located on the streamwise chord through

the panel centroid.
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USAGE :

KOTP B

KOPTW

KOPTF

NUMS

KTYPE I

KSTART /
KEND I

K_T

xIIYI

ZI

Code for additional body panel card input.

If KOPTB = 1, body panel corner points

are input on cards. If KOPTB = 0, other-
wise.

Code for additional wing panel card input.

If KOPTW = 1, wing panel corner points

are input on cards. If KOPTW = 0,
otherwise.

Code for additional wing panel card input.

If KOPTF -- 1, actual wing surface coordi-

nates are input on cards. If KOPTF -- 0,
otherwise.

Number of airfoil sections for which wing
surface coordinates are read as additional

card input.

-- Codes for internal program control.

Code for body-wing intersection. If

KINT = 1, body-wing intersection has been

requested and calculated. If KINT = 0,
otherwise.

x, y, z coordinates of body-wing
intersection.

NPER

NPER1

NPLANE

NPLN1

= Number of colunms of panels plus one.

= Number of columns of panels.

= Number of rows of panels plus one.

= Number of rows of panels.

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).

Input: NTAPE1
NTAPE2

ND1

NREAD

NWRITE
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

STORAGE:

MATTw_ PANEL

W_G

BODY

_TURP

Error messages indicate whether error occurred in readi,:_g

various geometry definitions from scratch tape.

1120810 = 257108
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SUBJECT:

PURPOSE :

METHOD:

US AGE :

FORTRAN IV Subroutine PARTV

To partition velocity components due to the surface dis-

tribution of vorticity in preparation for use in later aero-

dynamic links.

The velocity components are read from a scratch tape

written by subroutine EVAL in the following form, where

a column is written as a logical record.
D

UBB UBW

VBB VBW

WBB WBW

UWB UWW

VWB VWW

WWB WWW

where the subscripts are given:

BB = Influence on the body due to the body

WB = Influence on the wing due to the body

BW = Influence on the body due to the wing

WW = Influence on the whig due to the wing

The velocity components are reordered to a partitioned

form with an end-of-file separating the partitions.

v B| vwB|vBwvww
Ww l LWwwl

CALL PARTV

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO,

NBODY, NWING, XMACH, SYM, KACE

DIMENSION V(100), V(100), W(100), VV(100), VV(100),

ww(100)

Input: NTAPEB = Logical tape number from which the

velocity components are read.
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

NTAPED

NW_G

NBODY

U, V, W

Output: U, V, W

None

None

0 < NBODY < 100

0 < NWING < 100

98610 = 1732 8

= Logical tape number on which the

velocity components are written.

= Number of wing panels.

= Number of body panels.

= Velocity components in random

order on logical tape NTAPEB.

= Velocity components in a specified

order written on logical tape NTAPE D.
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

FORTRAN IV Subroutine POLXN

To find the intersections of an m-dimensional polygonal arc

and a plane (or line, if m = 2). A polygonal arc is defined

as a set of points consecutively connected by straight lines.

Consider any two consecutive points in the polygo_ml arc P,

say Pi and Pi+l. If Pi (or Pi+l) lies within a given dis-

tance EP of the plane, it is said to lie in the plane. If one

point lies in the plane, that point is returned as an inter-

section. If both points Pi and Pi+l lie in the plane (i.e.,

the line segment Pi Pi+l is contained in the plane), only

the end points of that line segment are returned as inter-

sections. If Pi and Pi+l lie on opposite sides of the plane,

the intersection of the line segTnent Pi Pi+l with the plane

is returned. The subroutine stops processing points when

a specified maximum number of intersections has been

found. The point subcripts associated with any intersection

are also returned.

DIMENSION C(M+I),

CALL POLXN (C, P,

Input: C =

Output:

p

M

N :

EP :

MAX:

Q

LQ

P(M, N), Q(M, MAX), LQ(2, MAX)

M, N, EP, MAX, Q, LQ, L)

Coefficients of the plane

ClX 1 + C2x 2 + ... + CMX M + CM+ 1 = 0.

Array of point coor(linates

x11, x21 ..... XM1, x12, x22, ... XM2, •

Dimension of hyperspace.

Number of points in P.

Tolerance.

Maximum number of intersections to be

found.

Array of intersection points.

Array of point numbers of points in P that

are adjacent to points in Q; for instance,
if an intersection in Q is between the fourth

and fifth points of P, the corresponding

elements of LQ are (4, 5); if point i in P

lies in the plane (or within distance EP

from it), then the point i appears in Q,
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SUB PRO GRAM

CALLED.

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

L

and the corresponding elements in LQ

are (i, i).

= Number of intersection points in Q;

L = 0 if no intersections are found.

SQRT (Built-in function)

L will be returned as -1 if M <_ 0, or if MAX < 0, or if
all of the coefficients C are zero.

If any points are identical and lie in the plane, each such

point will be returned as an intersection.

26810 = 4148
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SUBJECT:

PURPOSE:

ME THOD:

USAGE :

FORTRAN IV Subroutine QRAT

To find the coefficients of the quadratic that passes through

three given points, and optionally to evaluate the quadratic

at a given value of x.

The quadratic equation is

y = C 1 + C 2 x + C 3 x 2

Let (xi, Yi), i = 1, 2, 3 be the three given points.

if no two points have the same x-coordinate,

C3 =__x-3 - Y2 Y2 - Y_I)_x 2 x 2 x3 - Xl)

C2 = (Y3 - Yl)/(x3 - Xl) - C3 (x3 + Xl)

C1 = Y2 - (C2 + C3x2) x2

Then

The quadratic is evaluated for a given value of x if a code

is positive.

DIMENSION X(1), Y(1), C(3)

CALL QRAT(X, Y, IXY, KODE, XI, YI, C, NU)

Input: X = Location of the x-coordinate of the first

point.

Y = Location of the y-coerdinate of the first

point.

IXY = Skip number for X and Y. IXY - location

of wi+ 1 minus the location of wi, where
wis either x or y and i = 1 or 2. For

example, IXY = 1 if X and Y are each

dimensioned 3. Or if an array

W = (Xl, Yl, x2, Y2, x3, Y3) then CALL
QRAT (W, W(2), 2, ...) may be used to

avoid shifting x i and Yi to separate arrays

KODE = If KODE > 0, the quadratic (if found)
will be evaluated at x = XI and the re-

sult stored in YI. Otherwise, XI and
YI are not used.

XI = See KODE.
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SUBPROGRAM

CALLED :

ERROR RETURNS:

RES TRI CTIONS:

STORAGE:

Output: YI

C

NU

= See KODE.

= Array of quadratic coefficients

C = (C1, C2, C3).

= An error code that is zero if QRAT i¢
successful.

None

NU = 1 if any two of the given points have the same x-
coordinate.

IXY may not be zero; it may be negative if the point cooL'-

dinates are stored in descending core locations.

15710 = 2358
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SUBJECT:

PURPOSE :

M E THOD:

USAGE :

SUBPROGRAM

CALLED:

ERROR RETURNS:

FORTRAN IV Subroutine READ

T,_ provide, as options, three methods of inputting all array

of values.

The subroutine allows control over the fomn of input to the

program by means of a literal word on a data card. Two

words are stored in the progxam Data Dictionary. The first

control word is CONSTANT, of which the first six letters

CONSTA are stored. The second word is GIVEN. If the

word on the data card matches either of the two control

words, transfer in the program is made accordingly. The

third option is provided by arbitrary letters in tile first six

columns of the input card. The three options provided are:

1) If the first data card contains CONSTANT, the progxam

expects one additional data card on which the first field

(columns 1-10} contains a value. This value is then set

in the array S.

2) If the first data card contains GIVEN, the t)rogram ex-

pects to read an array of values off a specified logical

tape unit.

3) If the data card conbtins any arbitrary alphanumeric

characters, the program expects to read an array of

values from data cards ptmched in a seven-field, ten-

digit format.

CALI_ READ (NTAPEI, NTAPEO, NTAPEC, NM,

I)IM I'NSION S(NM), DICT(2)

Input: NTAPEI - Logical number of input tape.

NTAPEO = Logical nmaaber of output tape.

NTAPEC = Logical number of scratch tape, if

option 2.

= Number of wtlues in the input array.

= Array of values.

NM

Output: S

s)

INTURP

None
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RESTRICTIONS:

STORAGE :

None

13110 = 2038
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine REDUCE

To form the "reduced" aerodynamic influence coefficients
matrix and three additional matrices in preparation for
use in later links.

The aerodynamic influence coefficients matrix is com-
posed of the normal velocity components induced by a
unit pressure difference on each panel.

The matrix may be written in

,w
where

terms of the sub-matrices

- nBW S

dZc _ ) n- WB

ABB = The influence on the body due to the body

AWB = The influence on the wing due to the body

ABW = The influence on the b6dy due to the wing

AWW = The influence on the wing due to the wing

nBW S = The normal velocity component on the body
due to wing sources

dZc = The slope of the wing panels
dx

E_ =

nWB =

The matrix equation is solved for PB

The angle of attack

The normal velocity component on the

wing due to the body

and PW"

where

IPW} [A],]-]I[Aw|_]IABB]-] Ini_ws} a I_ -

is referred to as the "reduced" aerodynamic matrix.

The "reduced" matrix is then written on logical tape
NTAPEE.

The additional matrices formed are

[o]: ]
and [E] = [ABB][ABw ]
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USAGE :

SUBPROGRAM
CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

Three matrices are written on logical tape NTAPE F in

the order [ABB]-I , [D] , [El with an end-of-file
written after each matrix.

CALL REDUCE

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,
NTAPED, NTAPEE, NTAPEF, NTAPEI, NTAPEO,
NBODY, NWING, XMACH, SYM, KACE

DIMENSION ABB(100, 100), AWB(100, 100), ABW
(100), AWW(100), E(100), D(100)

EQUIVALENCE (E, D)

NWING

NBODY

NTAPEA

N TAPE D =

NTAPEE =

NTAPE F =

Input:

AWB

ABB

ABW

AWW

AWW

ABB

D

E

= Number of wing panels.

= Number of body panels.

= Logical number of tape from which
the aerodynamic influence co-
efficients are read.

Logical number of tape from which

[AwB ] and [ABB]-1 are read.

Logical number of tape on which
the reduced aerodynamic influence
coefficients matrix is written.

Logical number of tape on which

w[A_tBen].-1, [D], and [E] are

= Matrix [AwB ]

= Matrix [ABB ]-1

= Matrix [ABw ]

= Matrix [Aww ]

= Matrix [AR ]

= Matrix [ABB] -1

= Matrix [D ]

= Matrix [E]

Output:

None

None

NWING <_ i00

NBODY < 100

2056410 = 502708

333



SUBJECT:

PURPOSE :

METHOD :

USAGE :

FORTRAN IV Subroutine RICH3A

Given a sparse array of points on a space curve, to compute

a dense array.

A given tolerance, CHD, regulates the number of additional

points to be generated on the space curve. Between adjacent

points in the dense array, the maximum distance between

arc and chord will be approximately less than CHD. (How-

ever, if CHD < 0 or if there are fewer than four points in

the sparse array, no interpolation takes place and the dense

array will be identical to the sparse array. )

The given sparse-array points are projected into a plane.

Additional points are interpolated in this plane by subroutine

ENRYCH (using the tolerance CHD). An inverse projection

is then performed, mapping the two-dimensional points back

to the original three-space.

A more detailed description of the enriching process follows.

As a first step the sparse array of points is transformed to

an X', Y', Z' coordinate system. The transformation is

determined by a given code, KD. Let P1 (Xl, Yl, zl) be

the first point in the given sparse array P, and Pn (Xn,

Yn, Zn) be the last point. If KD = 0, the X' Y' Z' origin

is at P1, and the X' axis passes through Pn; the X' Z'

plane contains the point in P farthest from the line P1 Pn"

If KD = 1or 2, the X'Y' Z' origin is at (Xl, Yl, 0), and

the X' axis passes through the point (Xn, Yn, 0); the Z' axis

is parallel to the Z axis. In the next step, the X' Z' coor-

dinates of the points are treated as two-dimensional points

by subroutine ENRYCH to produce a dense array of points.

To find the corresponding Y' coordinate of each point, a

two-dimensional interpolation is made by subroutine BITURP:

the interpolation table contains the sparse array X' and Y'

coordinates, with X' as the independent variable. For each

dense array point the Y' coordinate is interpolated from the
table. The interpolation is linear if KD = 1, or biquadratic

if KD = 0 or 2. In the final step, the dense array X', Y', Z'

coordinates are transformed to the original X, Y, Z system.

DIMENSION P(3, N), Q(3, N), A(3, MAX/3), NU(3)

CALL RICH3A (N, P, Q, KD, MAX, CHD, NA, A, NU)

Input: N = Number of points in P.

P = Array of given points (sparse array).
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

KD =

MAX=

CHD =

NU --

Output: Q =

NA =

A =

NU =

Code (see METHOD, above).

Maximum number of elements that may be

stored in the A-array.

Chord-height tolerance that determines the

spacing of interpolated points (see ENRYCH

Error indicator array: NU(1) is not used

on input. NU(2) and NU(3) are used only

by ENRYCH and BITURP. NU(2) is an
output tape number on which to write a

message if an error is detected; no mes-

sage is written if NU(2) < 0. NU(3) is

an error message limiter; ff an error is

detected, NU(3) = (NU(3) - 1). Then if

NU(3) > 0 and NU(2) > 0, an error mes-

sage is written.

Scratch array that may occupy the same

storage space as P if P need not be

preserved.

Number of points in the A-array.

Array of enriched points (dense array).

Error indicator array: NU(1) = 0 if

success. NU(3) is discussed above.

UVE CN

VCROS

DMAXL

ENRYCH

BITURP

TROTPT

SQRT (Built-in function)
TRAV

NU = -2, if KD = 0 and the endpoints of P are coincident.

NU = -1 (corresponding to error code 3 from ENRYCH)

if more than 200 interpolated points would be required be-
tween two points in P: either CHD is too small or the

points in P (after projection) are ill-conditioned. RICH3A

adds no interpolated points in this interval, and continues.

NU = 1, 4, 5, or 6if MAX is too small. NU = 2 (error 2

from ENRYCH) if tour consecutive points in P (after
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RESTRICTIONS:

STORAGE :

transformation to the X', Y' system) are not strictly mono-
tonic in either X' or Y'. NU = 7 if KD = 1 or 2 and the

emlpoints of P have the same X and Y coordhmtes. NU -

11, 12, 13, or 14 (BITURP errors 1, 2, 3, or 4) if an error

was detected during the inverse projection (see METHOD,

above): this can happen only if the given sparse array is ill-

conditioned. NU = 21 if an error occurs when finding the

projection plane.

After transformation to the X', Y', Z' system (see METHOD,

above), the given sparse array points must be monotonic in

X': no two X' coordinates may be the same. Since only the

projections of the given points on the X'-Z' plane are en-

riched, too few points may be generate(I if the given points

do not lie approximately in the plane.

5O91O 7758
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SUBJE C T:

PURPOSE :

M E THOD:

USAGE :

FORTRAN IV Subroutine RICHNA

To enrich (interpolate additional points) a set of body merid-
ian lines or wing percent lines.

A given array A of length MAX contains M arrays of N

three-dimensional points each. Each array will be called

a percent line. Since array A is also used for output, all

the points are first shifted to the end of A. A given code,

KOD, determines the type of interpolation (see subroutine

RICH3A). If KOD _ 0, all points in each percent line are

checked: a comment is written for each point having X and

Y coordinates that are nearly the same (within a given

tolerance EPS) as those of the previous point but for which

the Z-coordinates are different. Then all percent lines are

screened by function NWEED to remove any points too close

to the preceding point; If KOD = 0, all three coordinates

must nearly match the previous point before a point is re-

moved. But if KOD > 0, only the X and Y coordinates

must nearly match; thus any points for which a comment
was written will be removed.

(NOTE: KOD = 0 for body meridian lines; KOD = 0, 1,

or 2 for wing percent lines.) If a given tolerance CHD is

less than or equal to 0, no additional points will be inter-

polated. A "header" or "table of contents" is inserted at

the beginning of array A; this is followed by the point coor-

dinates. The format of the completed array A is given in
Appendix C.

DIMENSION

CALL RICHNA

Input: A =

MAX=

M =

N =

P =

EPS =

A(MAX), P(M), NU(3)

(A, MAX, M, N, P, EPS, CHD, KOD,

NA, NU)

Array of M percent lines of N points each.

Length of array A.

Number of percent lines.

Number of points in each percent line.

Array of labels that are angles (if body

meridian lines) or percent values (if wing

percent lines); these are used in the "header"

of the final array (see Appendix C).

Tolerance of test for coincident points.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RE STillC TIONS:

STORAGE :

Output:

CHD

KOD

= Chord-arc tolerance that controls the num-

ber of interpolated points. See subroutine
RICH3A.

= Code which determines type of interpola-

tion (see KD in subroutine RICH3A).

NU = Error indicator array: NU(1) is not used

on input. NU(2) is an output tape number

on which to write a message if an error is

detected in some lower-level subroutine;

no message is written if NU(2) < 0. NU(3)

is an error message limiter; if an error is

detected, NU(3) =(NU(3) - 1). Then if

NU(3) > 0 and NU(2) > 0, an error mes-

sage is written.

A = Array of M enriched percent lines, with

'q_eader" that contains a label, number of

points, and starting location in A for each

percent line. See Appendix C for format.

NA = Total number of points h_ array A. The
total number of elements used in A is

3 * (M + NA).

NU = Error indicator array: NU(1) = 0 if no

errors are detected. NU(3) may have

been reduced by a lower-level subroutine
if an error occurred.

NWEED

RICH3A

NU = -1 if NWEED detected an error; this could be caused

by a very large value of EPS. For any other nonzero value

of NU, see RICH3A.

MAX >_ 3 * M * (N + i)

40010 = 6208
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SUBJECT:

PURPOSE :

METHOD:

US AGE :

FORTRAN IV Subroutine RITE

To output the x, y, and z components of velocity induced

by the various signularities.

If a printout of the velocity components is requested, the

x, y, and z components of velocity are written on the out-

put tape. The components are identified in the printout as

the x component, AXIAL(W); the y component, TRANS-

VERSE (V); and the z component, VERTICAL(W). By an

input code, the proper identification relating the velocity

components to the singularity is also printed.

Call RITE (NFMT, NTAPEO, NP, NROW, NCOL,

THETA, U, V, W)

DIMENSION NFMT(7), U(NP), W(NP)

NFMT

NFMT(I)

(I = 1, 7)

NFMT(1)

NFMT(2)

NFMT(3)

NFMT(4)

NFMT(5)

NFMT(6)

NFMT(7)

NTAPEO

NP

control code

= O, output of velocity components not

requested.

= 1, velocity components on body panels

resulting from body panel pressure

singularities.

= 2, velocity components on body panels

resulting from wing panel pressure

sing_darities.

= 3, velocity components on body panels

resulting from wing sources.

= 4, velocity components on wing panels

resulting from wing panel pressure

singularities.

= 5, velocity components on wing panels

resulting from wing sources.

= 6, velocity components on wing panels

resulting from body panel pressure

singularities.

= 7, velocity components on wing panels

body line sources and doublets.

= Logical nm_ber of output tape.

= Number of wing or body panels.

Input:
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SUBPROGRAMS

CALLED:

ERROR RETURNS"

R ES T RIC T IONS:

STORAGE :

OUTB

OUTW

None

None

40910

NROW

NCOL

THETA

U

V

W

= 6318

= Number of rows of panels on wing

or body.

= Number of chordwise columns of

panels on wing or number of longi-

tudinal columns of panels on body.

= If body case, the 8 angles around the

body of the data output points.

= x component of velocity.

= y component of velocity.

-- z component of velocity.
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine SLOPEW

To calculate camber and thickness ordinates and camber

and thickness slopes for an airfoil.

Program input can consist of single airfoil (or multiple

airfoils) for which both an upper and lower surface are

defined (see subroutine INPUTW). If a single airfoil is

given, this airfoil is scaled accordingly and used to cal-
culate camber and thickness for each column of panels on

the wing. If multiple airfoils are given, each airfoil is

reduced to a unit airfoil, scaled accordingly and used for

camber and thickness calculations on but a single column

of wing panels. Note that, for the latter case, as many

airfoils as panel columns must be given on input cards.

For a given unit airfoil and the corresponding panel column,

the program locates a local strcamwise chord on the column,

computes the chord length, and uses this value to scale the

airfoil. For example, a typical panel column is repre-
sented below :

i_ ,"_. TYPICALCOLUMN

._ WING
..__ J LEADINGEDGE

WING
TRAILINGEDGE

The program constructs a streamwise plane through the

control point of the first panel on the column and intersects

this plane with the wing leading and trailing edges. The

panel side edges are streamwise; thus this construction is

always possible and, because the control points for a given

column of panels lie on the same streamwise chord, only

one such construction is necessary. This is shown in the

following sketch:
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A ._STREAMWlSE
CONTROLPOINTOF / _ PLANE:
FIRSTPANEL ON / [ Y - Yen = 0

co,u , I
/ ./_/._.._OLUMN OF PANELS

/ ('z'__ _ _-"_l_,,J_£--"_l__ WING

ADINGEDGE

(xt ,Yt,Zt)_

/ _ WING __

TRAILINGEDGE

A chord length to be associated with this panel eolunm is

then ealculate¢l,

c - x t - x_

and this chord length is used to scale the airfoil so that,

x k = xk • c
o

z k = Zko c + C

for which Xko, zko are tile x- and z-coordinates of the un-

scaled, unit airfoil, Xk, zk arc the coordinates of tile

scaled airfoil and _ is the constant z-value for the wing.

Having sealed the airfoil to "fit" the wing for a particular
column, the t)rogram then calculates camber and thickness i

ordinates for each panel of that column. To satisfy a con-

dition of the progxam, the eaml)er ordinate is computed at

the panel control point and the thickness ordinate at the

panel centroid. Because both the upper and lower surfaces

of an airfoil are given as input (see sketch),

',_-'-AIR FOIL UPPER
SURFACE

N._/------'-'_"_--" AIRFOIL LOWER

SURFACE
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the program must interpolate on each surface for both the

camber and thickness ordinate. As a result, four values

are calculated

ZtuZcu _ AIRFOIL

Xcp

ztrZcf WINGPLANECHORD

and used in camber and thickness calculations.

camber ordinate,

and for thickness,

For the

1

Zcam - 2 (Zcu + Zc_ )

1

Zth k = _ (Ztu - zt_ ).

Using the camber and thickness ordinates that have been

calculated, the program computes the camber and thick-

ness slopes. As the camber is evaluated at the panel con-

trol point and the thickness at the centroid, the program

constructs two distinct tables:

1) Zca m versus Xcp

2) Zth k versus x

that are used for these calculations.

To obtain the camber slope at the Xcp for a given panel, the

program evaluates the camber curve (1) at Xcp - E and

Xcp +

Xcp'
x

E cP +(
CAMBERLINE
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for which

and e is the chord length.

C

10 5

The values cr i, a 2 of the curve at these two points are
used to compute the camber slope,

=tan-l( a2 - crl)_cam _

Similarly, to obtain the thickness slope at the x of a given

panel, the thickness curve (2) is evaluated at x - _ and

x + (, and the values T 1 and T 2 of the curve at these two

points are used,

(_thk =tan-l( T2 2_ "rl)

As a last step the program smooths the camber and thick-

ness slopes. The calculations of the slopes for a given

column of panels result in two tables:

1) _cam versus Xcp

2) (_thk versus x

and each of these tables is smoothed through use of the sub-

routine MEAN.

The above calculations are used to obtain camber and thick-

ness ordinates and camber and thickness slopes for panels

of a column of the wing in all but two cases,

1) The inboard column on the wing for a body-wing case

having a body contour in the intersection region;

2) The outboard wing column for wing having a nonstream-

wise outboard wing edge.

For these two cases, the calculations are changed slio'htly

because the edges of an arbitrary panel are not streamwise

and the control points of all panels of the column do not lie
on the same streamwise chord. A local streamwise chord

must be constructed and a chord length determined for each

panel in the column. The unit airfoil is scaled to "fit" the

wing at the Ycp of each panel; then the camber and thicl_less
are calculated.
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USAGE :

SUB PRO GRAM S

CALLED:

ERROR RETURNS:

STORAGE :

COMMON (See subroutine OPCAMI for unlabeled COMMON

description)

COMMON /COMI/(See subroutine PANEL)

Input: KOPTF

NUMS

KSTART

KEND

NPER

NPER1

NPLANE

NPLN1

COMMON /COM2/ (See subroutine WING)

Input: NPTS
X

Y

Z

SLOPE

XCEN

XCON

YCON

XFOIL

Z FOIL

XNUM

Output: Z CEN
Z CON

T H ETA

ALPHA

CALL SLOPEW

ATAN (Built-in function)
BITURP

MEAN

POLXN

CHECK

Error messages indicate whether error occurred in use of

subroutine BITURP to interpolate on airfoil surfaces or on

camber and thickness curves. An error message also indi-

cates if the airfoil x-ordinates are not defined as a (strictly)

monotonic increasing sequence.

227210 = 43408
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SUBJECT: FORTRAN IV Subroutine TAN

(See subroutine FTAN)
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SUBJECT:

PUR PO_E :

METHOD:

US AGE :

SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRIC T IONS:

STORAGE :

FORTRAN IV Subroutine TDUMP

To read the binary tape produced by the Geometry Defini-

tion section and to write its contents on an output tape.

A given logical array, which contains tape record status

information, is checked. If there are no valid records on

the binary tape, control is returned to the calling program.

Otherwise, each of the 18 records is processed. The tape

format is given in Appendix C.

LOGICAL LGDEF (3, 6)

CALL TDUMP (LO, LTAPE, LGDEF)

Input: LO = Output tape number.

LTAPE = Binary tape number.

LGDEF = See subroutine GEOMD.

None

None

Records must not contain more than 2000 words.

217510 -- 41778
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine TFLAT

To transform body and wing to a new coordinate system,

to flatten the wing, and to find the intersection of each wing
percent line with the body surface.

Three types of cases may be handled: body alone, wing

alone, or wing-body combination. If a body surface is in-

volved, it is assumed to be symmetrical about the X-Z

plane; only half of it is given. Then a new x, y, z

coordinate system is set up with origin at the centroid

of forward end of the body and the x-axis passing through

the aft-end centroid; the z-axis lies in the X-Z plane.

In the new coordinate system, the body ends (unless of

zero radius) are not necessarily parallel to the y-z

plane; this is corrected by a linear adjustment of all x-

coordinates of the body points. Also, the new body length

(distance between body end centroids) may be different than

the original length. The original set of body defining stations

is converted to the new coordinate system by a transform-

ation of the form x -- (_ X + ft. The body radius and centroid

are computed at each of these stations. In a body alone

case, the radius and centroid are then found by interpola-

tion at a given number of equally spaced stations; other-
wise, this calculation is deferred.

In a wing-body combination, the wing is also transformed

to the x,y, z coordinate system. Then the intersections of

the wing leading and trailing edges with the body surface

are computed; let zA be the average of the z-coordinates

of these two points. The wing is effectively flattened by

changing each z-coordinate of the wing to z A. The body
is then intersected by each wing percent chord line of the

flattened wing.

The body radius and centroid calculation can now be

resumed. A set of equally spaced stations is chosen

between the forward end of the body and the station at

which the wing leading edge intersects the body; a similar
set is selected from there on aft. The calculation of the

interval between stations in each region is subject to the

constraints that the total number of stations must agree
with a given number and that the two intervals must be

approximately the same in each region.

In a wing alone case, the transformation is omitted.

However, the wing is flattened: z A is taken
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as the averageof the z-coordinates of the first point in the

leading- and trailing-edge percent lines.

The body and wing definitions are on a binary tape, LA,

which has a format as described in Appendix C. The body

is given by meridian lines, the wing by percent chord lines;

meridian and percent lines are described by sets of three-

dimensional points (see subroutine WBXUL). One data card

is required; it is read with FORMAT (5F10.0) as follows:

Columns Symbol

1-10 XNRX

11-20 CHD

Explanation

Number of body stations at which

body radius and centroid are
desired. If this number is less

than 3 or greater than 50, it is

set equal to 50.

A tolerance passed on to sub-

routine TFLAT1, and then to

BODCR, for eventual use by
subroutines ENRYCH and OPTIM3.

CHD is used only to find body

centroids, as follows: A section,

normal to the x-axis, is taken

through the body. The section

has one point for each meridian

line. If CHD < 0, the centroid

is found assuming the section

to be polygonal. If CHD > 0

and there are at least four

meridian lines, additional sec-

tion points are generated by

ENRYCH on a smooth curve

through the vertices of the polygon:

a sufficient number of points will

be generated so that the differ-

ence between the chord of the

resultant polygon and the arc of

the smooth curve is (approxi-

mately) less than CHD. A posi-

tive value of CHD should not be

used unless there are at least

eight meridian lines on a non-

symmetrical (about a horizontal

plane) body.
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US AGE:

Columns Symbol

21-30 BCODE (i)

31-40 BCODE (2)

41-50 EPRC

Explanation

An interpolation code used by

BITURP to find body radius and

Zc, (z-coordinate of the body
centroid) at values of x between

defining stations. BCODE (1) =

1 for linear interpolations, = 2

for biquadratic interpolation.

An interpolation code used by
BITURP to find the intersections

of wing percent lines with the

body surface (see subroutine

WBXX). This process involves

finding body sections at various

values of x. If BCODE(2) = 1,

linear interpolation is used to

find y as a function of z; this is

equivalent to saying that the body

is polygonal in cross section.

If BCODE (2) = 2 (and there are

at least three meridian lines),

biquadratic interpolation is used;

this is equivalent to specifying

a body of curved cross section

(but see RESTRICTIONS, under

BITURP).

A tolerance applied to body radius

and zc (z-coordinate of the body
any value of x) is less than

EPRC, the corresponding radius

or z c is set to zero. EPRC is
introduced to help offset round-

off errors.

Two binary tapes are written by TFLAT; their formats are

described in Appendix C.

COMMON /LGEOMD/LGDEF (3, 6)

LOGICAL LGDEF

DIMENSION DAT (2)

CALL TFLAT(DAT, LI, LO, LA, LB, LD, NBODY, IOK)
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SUBPROGRAMS

CALLED:

Input: DAT

LI

LO

LA

LB

LD

LGDEF

Output: NBODY

IOK

WBXX

TRAPCT

BIT URP

TFLAT1

TF LATM

TF LATW

TF LATX

TRAV

FSR

= Date (alphameric).

= Input tape number.

= Output tape number.

= Binary tape number; this tape is read

by TFLAT (see Appendix C).

= Binary tape number; three records

are to be written on this tape, unless

a wing-only case is processed (see

Appendix C, section 3).

= Binary tape number; six records are

to be written on this tape (see Appen-

dix C, section 2).

= Logical array, in COMMON, which

indicates body and wing status.

LGDEF(1, 3) = .TRUE. if a body

definition was requested; LGDEF(3, 3)

= .TRUE. ifthe body definition was

successfully written on tape LA.

LGDEF(I, 1) = .TRUE. if awing

definition was requested; LGDEF(3, 1)

= .TRUE. ifthe wing definition was

successfully written on tape LA. The

other elements of LGDEF are not used

by TF LAT.

= Code to indicate a successful body-

alone case; then NBODY = -1. Other-

wise, NBODY = 0.

= Error indicator, which is zero if

success.
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ERROR RE TURNS: If an error is detected, a message is written on the output

tape. Then data cards on the input tape are skipped over

until the next case, or end of data, is found. A new case

is signaled by the word DEFINE or DEF1NE in columns

1-6 of a data card; end of data is signaled by the word END

OF. The input tape is then backspaced one record.

The argument IOK is set to one of the following values if
an error is found:

IOK Explanation

2 A body or wing definition failed in a previous link.

4 Error reading body stations from tape LA. Either

the number of stations is less than 2 or greater

than 51, or something is wrong with the tape.

6 Error reading body meridian lines from tape LA.

Something is wrong with the tape or record 4 has

more than 4368 words.

8 Error from subroutine TFLAT1.

10 Error reading wing percent lines from tape LA.

Record 7 is not correct.

12 Record 7 on tape LA indicates that record 8 has

more than 4368 words.

14 Error from subroutine WBXX in finding wing per-

cent line intersections with the body (before trans-

formation).

16 Either the leading or trailing edge of the wing does

not intersect the body.

24 Error from subroutine WBXX in finding the inter-

sections of the flattened wing with the transformed

body.

26 Error from subroutine TFLATX. One or more of

the flattened wing percent lines did not intersect

the transformed body.

32 Error from subroutine BITURP in interpolating

points on the radius versus station or z-centroid

versus station curve.

If IOK = 2, the message "ERROR IN PREVIOUS LINK" is

written. If IOK > 2, the message:
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RESTRICTIONS:

STORAGE :

"TFLAT ERROR i, CODE j

IREC = i 1 i 2 i 3 i 4'

is written, where i = IOK, j = error code from a subroutine

(ifIOK= 8, 14, 24, 26, or32), andil, i2, i3, i 4arethe
first four elements of the last odd-numbered record read

from tape LA. If IOK = 14 or 16, the transformed wing

percent lines are written by subroutine TFLATW to aid

in diagnosing the error.

Only a single wing surface can be processed. If tape LA

is written by the geometry definition program, a lower-

wing case cannot be handled since TFLAT only examines

the upper-wing portion of tape LA. The number of words

in records 4 and 8 cannot exceed 4368.

11957 = 27265
10 8
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SUBJECT:

PURPOSE :

METHOD:

US AGE:

FORTRAN IV Subroutine TFLAT1

To transform body meridian lines to a new coordinate

system, and to find the centroid and equivalent body radius

at a set of body stations.

This subroutine is used by subroutine TFLAT. The body

centroid at each end of the body is found by subroutine

BODCR. Then a new coordinate system is set up such

that the origin is at the forward end centroid and the new

x-axis passes through the aft-end centroid. After trans-

forming the given body to the new coordinate system, the

body radius and z-coordinate of the centroid is found at

each given body station.

DIMENSION STA(51), B(2448), $(100, 2), E(2000),

RT(3, 4), ALFBET(2), RZ(51, 2)NU(3)

CALL TFLAT1 (CHD, NSTA, STA, NBPCT, B, S, E, RT,

ALFBET, RZ, EPRC, NU)

Input: CHD = A chord-arc tolerance, read from data

NSTA

STA

NBPCT

B

EPRC

NU

card by subroutine TFLAT.

= Number of body stations.

= Array of original body stations (see

Output, below).

= Number of body meridima lines.

= Array of points on original body

meridian lines (see Output, below).

This array (with a header) has a for-

mat as described in Appendix C.

= A tolerance, read from data card by

subroutine TF LAT.

= Error indicator array. NU(1) is not

used, on input. NU(2) is an output

tape number on which to write a mes-

sage if an error is detected; no mes-

sage is written if NU(2) _< 0. NU(3)

is an error message limiter; if an

error is detected,

Then ifNU(3) > 0 and NU(2) > 0, an

error message is written.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRIC TIONS:

STORAGE:

Output: STA

B

S

E

RT

ALFBET

RZ

NU

UVECN

BSCALE

BODCR

VCROS

TRAPCT

TRAV

= Array of transformed body stations.

= Array of points on transformed body

meridian lines (with header).

= Scratch array.

= Scratch array.

= Transformation matrix (see TROTPT).

= Transformation constants to convert

original body stations to new stations

(see TFLAT).

= Array of body radii and z-centroid

corresponding to each body station.

= Error indicator array (see Input)

NU(1) = 0 for success.

If an error is detected, the message "TFLAT ERROR i,

CODE J, .... " is written.

i_ j Explanation

1 k Error k from BODCR at forward body end.

2 k Error k from BODCR at aft body end.

3 0 The original body length is zero.

4 k Error k from BSCALE.

5 0 The transformed body length is zero.

6 k Error k from BODCR at some transformed body

station (an additional comment will identify the

station).

It is assumed that the given body meridian lines describe

only half of a body that is symmetrical about a plane

parallel to the xz plane.

38110 = 5758
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

SUBPROGRAMS
CALLED:

ERRORRETURNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine TFLATM

To write body meridian line points on an output tape.

This is primarily an output routine for TFLAT. The meri-
dian lines are given in a single array with a format such as
that described in AppendixC. The polar coordinates of
eachpoint are computed in a plane normal to the x-axis,
with polar origin at the body axis.

DIMENSION B(1), AXIS(2), TITLE(12), DAYT(2), STA(1)

CALL TFLATM (B, NB, AXIS, TITLE, DAYT, LO, STA)

Input: B = Array of meridian lines, with header.

Outp_:

ATN1

SQRT
TRAV

None

None

NB

AXIS

TITLE

DAYT

LO

STA

= Number of meridian lines.

= y, z coordinates of main body axis.

= Title (alphameric).

= Date (alphameric).

= Output tape number.

= Not used.

= Print-out on tape LO

(Built-infunction)

34610 = 532 8
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SUBJECT:

PURPOSE :

METHOD:

US AGE •

SUBPROGRAM

CALLED:

ERROR RET URNS:

RES TRIC T IONS:

STORAGE:

FORTRAN IV Subroutine TFLATW

To write wing percent lines on an output tape.

This is an output subroutine used by subroutine TFLAT.

The percent lines are given in a single array with a format

as described in Appendix C.

DIMENSION B(1), TITLE(12), DAYT(2)

CALL TFLATW (B, NB, TITLE, DAYT, LO)

Input: B

NB

TITLE

DAYT

LO

= Array of percent lines, with header.

= Number of percent lines.

= Title (alphameric).

= Date (alphameric).

= Output tape number.

TRAV

None

None

31210 = 4708
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine TFLATX

To write wing-body intersection points on an output tape.

This is an output subroutine for subroutine TFLAT (see

subroutine TFLAT). The polar coordinates of each point

are computed and written on the output tape along with the

x, y, z coordinates.

DIMENSION DAT(2), W(1), WB(3, NW)

CALL TFLATX (LO, DAT, NW, W, WB, NU)

Input: LO = Output tape number.

DAT = Date (alphameric).

NW = Number of wing percent lines (also

number of wing-body intersection points).

W = Array of wing percent lines, with header

(see Appendix C).

WB = Array of points (x i, Yi, zi) that are the
intersections of wing percent lines with

body surface.

NU = Error indicator, which is zero for success.O_p_:

ATNI

SQRT
TRAV

(Built-in function)

NU = 1 if any intersection point is not valid (indicated by

coordinates all 1030).

None

24010 = 3608
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine THETAB

To calculate body panel theta-inclination angles.

The program calculates the panel theta-inclination angle
by use of standard geometric formulae. The inclination

angle 0 is the angle of the panel in the x, y, z coordinate

system of the body as viewed down the x-axis. A program

check determines if the panel is "horizontal" by comparing

the z-coordinates of the two trailing-edge panel corner

points. If the panel is horizontal, theta is set equal to

zero. For a nonhorizontal panel defined as follows,

(Xl ,Yl,Zl) ],

(x3,Y3,Z3) /

_ (x2,Y2,Z2)

_(x 4,y4,z4)

USAGE :

theta is calculated from the formula,

for which,

A _.

B __

e-Iz4 - =31
(z4 - z3) cos-l[ A ](A 2 + B 2) 1/2

Xl Yl 1

x3 Y3 1

x4 Y4 1

x I z I 1

x 3 z3 1

x 4 z4 1

COMMON (See subroutine OPCAMI for unlabeled COMMON

description).
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

STORAGE:

COMMON /COM1/ (see subroutine PANEL}

Input: NPER1
NPLN1

COMMON /COM2/ (See subroutine BODY)

Input: XCOR
YCOR

ZCOR

Output: THETA

CALL THETAB

ACOS

SQRT (Built-in function)

None

2441O = 3648
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SUBJECT:

PURPOSE:

METHOD:

US AGE:

S UBPROGRAM

CALLED:

ERROR RE T URNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine TRAPCT

To perform a coordinate transformation on a set of body

meridian lines or wing percent lines.

Subroutine TROTPT is applied to transform each point,

using a given transformation matrix.

DIMENSION B(1), RT(3, 4)

CALL TRAPCT (B, N, RT)

Input: B = Meridian or percent line array (see sub-

routines TFLAT and TFLAT1).

N = Number of meridian or percent lines.

RT = Transformation matrix (see subroutine

TROTPT).

Output: B = Transformed array.

TROTPT

None

None

8610 = 1268
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SUBJECT:

PURPOSE :

ME THOD:

USAGE

SUBPROGRAM

CALLED:

ERROR RE TURNS:

RESTRICTIONS:

STORAGE :

FORTRAN Subroutine TRAV (TRAnsfer Vector)

To move a block of N cells starting at location B to another

region starting at location A.

i00
DO 100 I = 1, N

A(I) = B(I)

CALL TRAV (A, B,
DIMENSION

N)

A(N), B(N)

None

None

N> 0

3510 = 438
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SUBJECT:

PURPOSE :

METHOD :

USAGE :

SUB PROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

FORTRAN IV Subroutine TROTPT

Given the coordinates of a point (in 3-space) in one of two

rectangular Cartesian coordinate systems and the rotation

and translation matrices relating the systems, to compute

the coordinates of the point in the other system.

Let an arbitrary point have the coordinates P = (X 1, Y1, Zl)

in an Xl Y1 Z 1 coordinate system, and the coordinates

Q =(X2, Y2, Z2) in an X 2 Y2 Z2 coordinate system. Let R
be a 3-by-3 rotation matrix constructed as follows: the

first column is a unit vector, in the X 1 Y1 Z1 system,

along the +X 2 axis; similarly, the second column is a unit
vector along the +Y2 axis, and the third column is a unit

vector along the +Z2 axis. Let T be a 1-by-3 translation

matrix that contains the X 1 Y1 Z 1 coordinates of the origin

of the X2 Y2 Z2 system. Then, if P and Q are considered

to be 1-by-3 matrices,

Q = (P - T)R

P = QR-I+ T

DIMENSION R(3 3), T(3), P(3), Q(3)

CALL TROTPT (R, T, K, P, Q)

Input: R = Rotation matrix.

T = Translation matrix.

K = A code that is 1 ifQ is input and P is output,

or 2 ifP is input and Q is output.

P
= Point coordinates.

or Q

Output: Q
= Point coordinates.

or P

None

None

The rotation matrix must be orthogonal. The same array

may be used for both P and Q; e.g., CALL TROTPT(R, T,

i, Q, Q).

11210 = 1608
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SUBJECT:

PURPOSE :

M E TH OD:

USAGE :

FORTRAN IV Subroutine TVEL

To compute the velocity components resulting from a speci-

fied wing thickness distribution from the velocity components

resulting from a wing thickness distribution of unit incidence.

The velocity components in the x, y, and z directions on

panel i resulting from a specified wing thickness distribu-

tion of incidence _Tj are found by

N-WING

Ui = _ Uij • _Tj

NWING

Vi = j_-i Vij • _Tj

NWING

Wi = Z Wij
j=l • _Tj

where U, V, and W = The velocity components resulting from a

from a wing thickness distribution of
unit incidence.

NWING = The total number of wing panels.

The normal component of velocity on a body panel i result-

ing from wing thickness is given by

NWING

nB i = Z ABWSij " _Tj
j=l

where ABW S = The normal velocity on the body resulting

from wing thickness distribution of unit in-

cidence.

CALL TVEL

COMMON DATE(2), NTAPEA, NTAPEB, NTAPEC,

NTAPED, NTAPEE, NTAPEF, NTAPEI,

NTAPEO, NBODY, NWING, XMACH, SYM,

KACE
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/BLOCK/X(200, 3, 4), Y(200, 3,4), Z(200, 3, 4), XBAR(200),

YBAR(200), ZBAR(200), XC(200), YC(200), ZC(200),

THETA(200), ALPHAS(200), AREA(200), CHORD(200),

NPART(200), NPANEL, 1SYM, A(200), U(200), V(200),

VPM(200), VV(200), W(200), WPM(200), WW(200), VPMM(200)

WPMM(200), ALPHAC(100), ALPHAT(100)

DIMENSION B(200), C(200), D(200), AN(200)

(VV, B), (WPM, C), (WW, D), (VPMM, AN)EQUIVALENCE :

Input: NBODY

NWING

NTAPEA

NTAPEB

NTAPEC =

ALPHAT =

Uij =

Vii =

Wij =

ABWSi j =

A

= Number of body panels.

= Number of wing panels.

= Logical number of the tape from which

the normal velocities resulting from

a wing thickness distribution of unit

incidence are read.

= Logical number of the tape from which

the components of velocity in the x, y,

and z directions resulting from a wing

thickness distribution of unit incidence

are read.

Logical number of tape on which the

velocity components resulting from a

specified wing thickness distribution

are written.

Array of wing thickness incidences.

Matrix of velocity components in the

x-direction at panel i resulting from

a unit thickness incidence of panel j.

Matrix of velocity components in the

y-direction at panel i resulting from

a unit thickness incidence of panel j.

Matrix of velocity components in the

z-direction at panel i resulting from

a unit thickness incidence of panel j.

Matrix of normal velocity components

at panel i resulting from a unit thick-

ness incidence of panel j.

Dummy array used by the program,

represents Uij.
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SUBPROGRAM

CALLED:

ERROR RE TURNS:

RESTRICTIONS:

STORAGE :

B

C

D

Output: U

V

W

AN

N one

None

NWING <__100

NBODY <_ 100

23510 = 3538

Dummy array used by the program,

represents Vii.

Dummy array used by the program

represents Wij.

Dummy array used by the program

represents ABWSi j.

Array of velocity components in the

x-direetion resulting from a given

wing thickness distribution.

Array of velocity components in the

y-direction resulting from a given

wing thickness distribution.

Array of velocity components in the

z-direction resulting from a given

wing thickness distribution.

Array of normal velocity components

on the body resulting from a given

wing thickness distribution,
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SUBJECT:

PURPOSE :

M E TH OD:

USAGE :

SUBPROGRAM

CALLED:

ERROR RE TURNS:

RESTRICTIONS:

STORAGE :

•u_ Ir_AN Ftaiction ........u v r_l_

Given two points A and B in N-space, to find components

of vector (or unit vector) directed from A to B and distance

between A and B.

-- -- -- 2 2 2

Vector V = B - A and sum S = V 1 + V 2 + ... + Vn are

formed. If S > 0, then distance D = _-S; ffagive_n code

indicates that a unit vector is required, then V = V/D.

Function value UVECN is set to D before return. If S = 0,

then V = 0 and D = 0.

D = UVECN (A, B,

DIMENSION A(N),

A, B=

K =

Input:

N

Output: V =

D =

V, K, N)

B(N), V(N)

Point coordinates

If K = 0, then a unit vector

V = (B - A-)/I(B - A) ]is desired;

IfK ¢ 0, thenV = B - A.

Dimension of the space in which A and B

are defined.

Vector V

Distance from A to B

SQRT (Built-in function)

None

N > 0

8010 = 1208
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SUBJECT:

PURPOSE:

ME THOD :

USAGE :

SUBPROGRAM

CALLED :

RE STRI C TIONS:

STORAGE :

FORTRAN IV Subroutine VCROS

To find cross-product of two vectors.

u

Given vectors A =

A x B, is vector

a 2 and B = b 2

a 3 b 3

, then cross-product,

a2 b3 - a 3

V = a 3 b I a I b 3

1 b2 a2 bl

DIMENSION A(3), B(3), V(3)

CALL VCROS (A, B, V, D, K)

Input:

Output:

i

B=

K=

¢

V =
z

D=

K =

A

B

0 if V is not to be normalized
0 if V is to be normalized

m m

A x B if K was 0

(_ x B)/D if K was not 0 and D > 0.

Magnitude of V (before normalization)
0 if success

1if K _ 0 on input andD = O.

VDOTP

SQRT (Built-in function)

Note thatK is both an input and an output.

10610 = 1528
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SUBJECT:

PURPOSE :

M E THOD :

USAGE :

SUBPROGRAM

CALLED:

ERROR RE TURNS:

RESTRICTIONS:

STORAGE :

FORTRAN Function VDOTN

To find dot-product of two vectors in N-space.

Standard

DP = VDOTN (A, B, N)

DIMENSION A(N), B(N)

Input: A = Vector of dimension N

B = Vector of dimension N

N

_ _ _Output: DP = A • B = A i B i
i=1

None

None

N> 0

4010 = 508
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SUBJECT:

PURPOSE:

M E THOD:

USAGE :

FORTRAN IV Function VDOTP

To find dot-product of two vectors.

(al) (bl)Given two vectors A = a 2 and B = b 2

a 3 b 3

is the scalar P = a 1 b 1 + a 2 b 2 + a 3 b 3.

DIMENSION A(3), B(3)

P = VDOTP (A, B)

Input: A = Vector A

B = Vector B

Output: P = A " B

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRICTIONS: None

STORAGE: 4310 = 538

, dot-product
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine WBX

To find the intersections of a set of wing percent chord

lines with a body surface and to delete the portions of

percent chord lines inside the body.

The body surface is defined by an array of NB meridian

lines and a code that determines body shape between merid-

ian lines (see subroutine WBXUL). Each wing percent

chord line consists of a series of straight-line segments

connecting three-dimensional points. The intersection of

each wing percent chord line with the body surface is then
calculated.

The body is cut (see subroutine WBXC) by a transverse

plane that passes through the first wing percent chord point.

The horizontal distance normal to the x-axis from the per-

cent point to the body surface is found in this region. This

calculation is repeated for successive percent chord line

points until a change in sign of the distance is detected;

this means that the last two wing points, W 1 and W 2 for
example, are on opposite sides of the body surface. An

iterative procedure is now used to locate the intersection

point.

Let tv be the distance along the line segTnent W 1 W 2 from

W 1 to some point W on the segment. Let f( a ) be the hori-

zontal distance from W to the body surface. If L is the

length of W 1 W2, then f(0) and f(L) have opposite signs
(because f(0) corresponds to W 1 and f(L) corresponds to

W2). Subroutine FROOTA is used to iterate on a until

f(or) is as small as possible. The point W is then on or

very near the body surface; the corresponding point on the

body surface is taken as the intersection.

If the first wing percent chord line point is forward or aft

of the body, the transverse plane through the point does

not intersect the body; WBX then continues to process

points until a body intersection is found. If all points so

far processed are on the same side of the body surface,

and the current point is forward or aft of the body, then

the previous point is taken as W1; W 2 is found by sub-
routine WBXD as the intersection of the percent chord line

with a transverse plane through the appropriate body end.

If all percent chord lines are processed without finding two

adjacent points on opposite sides of the body surface, the
intersection point is taken as (1030 , 1030 , 1030 ) to indicate

that no intersection point was found.
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USAGE :

SUBPROGRAMS

CALLED:

DIMENSION B(1), W(1), S(2, NB), BW(3, NW), NU(3)

CALL WBX (B, NB, W, NW, EPS, KODE, S, BW, NU)

Input: B = Array of body meridian lines (described

in subroutine WBXUL).

NB

W

NW

EPS

KODE

NU

BW

NU

= Number of meridian lines.

= Array of wing percent chord lines (de-

scribed in subroutine WBXUL).

= Number of percent chord lines.

= Tolerance --a message will be Written

on the output tape (see NU) ifthe error

in finding an intersection is greater than

EPS.

= A code that determines the shape of the

body surface between meridian lines

(see subroutine WBXUL).

= Error indicator array: NU(1) is not

used on input. NU(2) is an output tape

nurnbcr on which to write a message if

an error is detected; no message is

written if NU(2) _ 0. NU(3) is an error

message limiter; if an error is detected,

NU(3) = (NU(3) - 1). Then if NU(3) > 0

and NU(2) > 0, an error message is

written.

= Storage for sections through the body.

= Array of wing percent chord lines,

truncated at the body surface.

= Array of intersection points (xi, Yi, zi)"

= Error indicator array: NU(1) is zero

if no error is detected. NU(3) may

have been changed (see INPUT, above).

Scratch: S

Output: W

UVECN

FROOTA

TRAV

WBXA

WBXC

WBXD
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ERROR RETURNS:

RESTRICTIONS:

STORAGE:

The following message is written (see NU) if an error is

detected: "ERROR i, CODE j IN SUBROUTINE WBX,

WING PERCENT LINE m, POINT n."

i_ j_ Explanation

4 1 WBXA error; see note 1, below.

5 2 WBXD error; see message written by WBXD.

6 -3 WBXC error; first and last points in a body section

(through a wing percent line point) have the same
z -coordinate.

7 3 WBXC error; two points in body section, near the

wing-body intersection, have the same z-coordinate

8 1 A wing percent chord line point is above or below the

2 body section and has the same y-coordinate as the
first or last section point.

See note 1.

WBXC error k in iteration loop.

FROOTA error; see note 1.

Iteration to find intersection did not converge; see

note 1.

Note 1: Machine or program error.

10 k

11 k

12 0

If a wing percent chord line intersects the body surface more

than once, only one intersection point will be found. Body

sections in the wing-body intersection region must be single-

valued in y as a function of z. Wing percent chord lines

must have at least one point that lies between body station

planes through the body ends. A percent chord line inter-

section will not be found, even though it exists, if all percent

chord points except the last are forward (or aft) of the body.

60510 = 11358
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SUBJE C T:

PURPOSE:

METHOD :

USAGE:

SUBPROGRAM

CALLED :

ERROR RE TURNS:

RESTRICTIONS:

STORAGE:

FORTRAN IV Subroutine WBXA

To modify a wing percent chord line array so that the first part

of a given percent chord line is removed.

The format of the wing percent chord line array, B, is ex-

plained in Appendix C. K, the number of points to be re-

moved, and P, the new first-point, are given. If K = 0, P

is not used and the entire old percent chord line is moved to its

new position. Otherwise, K points are removed and P, fol-

lowed by the remaining points, is moved. The corresponding

portion of the array header is adjusted to reflect the new

location of the percent chord line in the array and the new

number of points. The remaining percent chord lh_es are
not disturbed.

DIMENSION B(1), P(3)

CALL WBXA (B, I, K, P, NU)

Input: B

I

K

P

Output: B

NU

= Percent chord line array.

= The percent chord line to be modified.

- Nm_ber of points to be removed,

= New first-point.

= Modified percent chord line array.

= Error indicator, which is zero if successful.

None

NU = 1 ifK < 0 or ifK >i number of points in old percent

chord line.

WBXA must be called successively with I = 1, 2, ..., N

where N = number of percent chord lines.

20210 = 3128
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine WBXC

To find the distance from an arbitrary point to a body

surface.

The body is described by NB meridian lines (see subroutine

WBXUL). Let P(xp, yp, zp) be the given point. Subroutine
BCUTX is used to find the intersection points (Yi, zi) of the

plane x = xpwith the meridian lines. The points form a

body section, S.

Q1/_Q2

s4 _._ $3

p'

oP

y

USAGE:

Let Q(XQ, yQ, ZQ) be a point on the body so that XQ = Xp,

ZQ = zp. The value of yQ is found by interpolation at z =

ZQ .from the table (z i, Yi), using subroutine BITURP. If
a given code is 1, the interpolation is linear (Q1 in figure);

if the code is 2, the interpolation is biquadratic (Q2 in

figure). This code effectively determines the body shape
between meridian lines. If P should be above the body

(see P' in drawing), then Q is taken as the first meridian

line point. Similarly, the last meridian line point is used

for Q if P is below the body. The required distance from

P to the body surface is yp - yQ.

DIMENSION B(1), P(3), S(2, NB), Q(3)

CALL WBXC (B, NB, EP, P, KODE, S, D, Q, NU)

Input: B = Array of body meridian line points, with

header (see subroutine WBXUL).
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

Output:

NB

EP

P

KODE

S

D

Q

NU

-- Number of body meridian lines.

= Tolerance used by BCUTX in finding

intersections of body meridian lines with

the plane x = P(1).

= x, y, z coordinates of given point.

= Code, used by BITURP, that determines

the shape of the body between meridian

lines. KOD = 1 if polygonal, 2 if not

(see METHOD, above).

= Section points (Yi' zi)' i = 1, 2,.., NS,
where NS _< NB.

= Distance.

= Point on body surface.

= Error indicator array. NU = 0, 1 or 2

if successful; 0 if Q(3) = P(3), 1 if S 1

was used for Q, 2 if SNB was used for

Q.

BIT URP

BC UTX

NU = -5 if the number of section points is less than 2; this

may be caused byNB < 2 or failure of the plane X=xpto

cut some of the meridian lines. NU = -3 if S1 and SNB
have the same z-coordinate.

The value of D returned is the horizontal distance between

P and Q; if P is above or below the body, the true distance

is greater than D. If all meridian lines do not have the

same x-range, the number of section points (S) may possibly

be less than NB; see BCUTX.

13910 = 2138
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SUBJECT:

PURPOSE :

METHOD:

US AGE :

FORTRAN IV Subroutine WBXD

To find a point on a wing percent chord line which lies in the first

or last body station plane, and to determine the horizontal

distance of that point from the body surface.

Subroutine WBXD is called by subroutine WBX only if the

following situation arises: At least one point, Wl, for
instance, on some wing percent chord line has been processed;

but the next point, W2, is either forward or aft of the body.
Let BXF and BXL be the extreme x-coordinates of body

meridian line 1; let WXF and WXL be the x-coordinates of

W 1 and W 2, respectively. If BXF lies in the range (WXF,
WXL), a plane x = BXF is formed; otherwise BXL is assumed

to be the range and the plane is taken as x = BXL. The

line segment WlW 2 is intersected with the plane to obtain

point P, which lies on the wing percent line. The horizontal

distance from P to the body, and the corresponding point Q

on the body are then found by subroutine WBXC.

DIMENSION R(4), B(1), P(3), Q(3), S(2, NB), W(3, 2),

NU (3)

Call WBXD (R, B, NB, KODE, P, Q, S, W, NU)

Input: B = Array of body meridian line points, with

header (see subroutine WBXUL).

NB = Number of body meridian lines.

KODE = Body shape code (see WBXC).

W = Two adjacent points on a wing percent chord

line (see W 1 and W2, METHOD, above).

NU = Error indicator array. NU(1) is not used,

on input. NU(2) is an output tape number

on which to write a message if an error

is detected; no message is written if

NU(2) _< 0. NU(3) is an error message

limiter; if an error is detected, NU(3) =
(NU(3) - 1). Then if NU(3) > 0 and NU(2)

> 0, an error message is written.

S = Section points (Yi, Zi)"

R = R(1) = x-coordinate of P; R(2) = horizontal

distance = P(2) - Q(2); R(3) = R(1); R(4)

Output:
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SUBPROGRAMS

CALLED"

ERROR RETURNS:

RESTRICTIONS:

STORAGE:

P

Q

NU

= x, y, z coordinates of point on wing percent

chord line.

= Corresponding point on body surface.

= Error indicator array. NU(1) is zero

if__success° ......NU(3)m_vj have chmuged if

an error was detected (see Input).

POLXN

WBXC

A message "ERROR i, CODE j, IN SUBROUTINE WBXD"

is written if an error is detected.

i j_ Explanation

1 0 Machine or program error.

2 k Error kfromWBXC. Ifk=lor2, point P is

above or below the body and P(2) = Q(2).

See WBXC

21910 = 3338
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine WBXUL

To find the intersections of upper and lower wing percent chord

lines with a body surface, to delete the portions of percent chord

lines that are inside the body, and to write results.

A set of NB meridian lines defines the basic body surface.

These lines may be visualized as stringers running length-

wise along the surface of the body. Each meridian line

consists of a series of straight-line segments connecting

three-dimensional points. The surface between meridian

lines is determined by taking any section, normal to the X-

axis, through the body; this yields the (Y, Z) coordinates of

NB points on the surface. Under one option, the surface at

this section is assumed to be polygonal (adjacent points con-

nected by straight lines). In the other option, the surface be-

tween each pair of points is assumed to be represented by a

cubic; points between meridian lines are interpolated by sub-
routine BITURP.

The wing surface (upper, lower, or both) is defined by NW

wing percent chord lines, which are similar to meridian

lines. The 0-percent line forms the leading edge of the

wing, and the 100-percent line is the trailing edge. The

wing surface is not defined between percent chord lines.

The main function of WBXUL is to find the point of inter-

section of each wing percent chord line with the body surface.

All of the body meridian line points are stored in a single

array. The first 3*NB cells form a "header" that is a key

to the rest of the array. Cell 1 is a number that forms a

label for the first meridian line. Cell 2 contains the

number of points in the first meridian line. Cell 3 con-

tains the cell number at which the x-coordinate of the first

point in the first meridian line is located. Similarly, cells

4, 5, and 6 apply to the second meridian line, etc. This

storage scheme, described in Appendix C, is also used for

the upper wing percent lines and the lower percent lines.

The subroutine begins by a check that the body and at least

one wing surface are defined. Then one card is read with

FORMAT(2F10.0). The first field contains a code, later

used by BITURP, that determines body shape between
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US AGE:

meridian lines (1 if polygonal, 2 if not). The second field

contains a tolerance, EPS, that is set to 10-5 if less than

10-5; subroutine WBX writes a message if the error in

locating an intersection point is more than EPS. The fol-

lowing process is then carried out, for the upper wing
surface and then the lower.

If the wing surface is defined, storage is reserved in the

buffer for the intersection points (see Appendix A). Sub-

routine WBX is called to find the intersection points and

remove that part of each wing percent chord line inside

the body surface. Each wing percent chord line now

starts at the body surface; this, of course, requires a new

"header" for the array. The X, Y, Z and polar coordinates

of each intersection point are written on the output tape. The

polar coordinate system for each point lies in a plane

through the point and normal to the X-axis, with origin at

the known body axis; the angle is measured from the verti-

cal (Z-axis). If any percent line fails to intersect the

body surface, a message is written but the routine con-
tinues.

DIMENSION B(1), DAT(2), LOK(3, 9), BTITLE(12),

WTITLE(12), BAXIS(2), NU(3)

LOGICAL LGDEF(3, 6)

CALL WBXUL(B, LI, LO, DAT, LGDEF, LOK, BTITLE,

WTITLE, BAXIS, NU)

LI

LO

DAT

LGDEF (2, 1)

(2, 2)

(2, 3)

LOK

Input: B = Storage buffer for variable length

arrays.

= Input tape number.

= Output tape number.

= Date (alphameric).

= .TRUE. if upper wing is defined.

= . TRUE. if lower wing is defined.

= .TRUE. if body is defined.

= Array that tells where in B

the wing percent chord line

arrays and body meridian line

array are located, and the

length of each array. Con-

sider LOK(i, j): The upper wing

percent chord line corresponds to
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BT IT LE

WTITLE

BAXIS

NU

Output: B

LGDEF(I, 5)

(1, 6)

(2, 5)

(2, 6)

LOK

LOK(i, 1), the lower to LOK(i, 2);

the body corresponds to LOK(i, 3).

An array starts in B(LOK(1, j)).

LOK(2, j) = number of percent chord
lines or meridian lines. LOK(3,

j) = total number of elements in

array.

Body title (alphameric).

Wing title (alphameric).

Y and Z coordinates of the body

axis.

Error indicator array: NU(1) is

not used, on input. NU(2) is an

output tape number on which to

write a message if an error is

detected; no message is written

if NU(2) < 0. NU(3) is an error

message limiter; if an error

is detected, NU(3) =(NU(3) - i).

Then ifNU(3) > 0 and NU(2).

0, an error message is written.

Storage buffer for variable-

length arrays.

Set equal to IJGDEF(1, 1) to indi-

cate that a wing-body intersection

was requested.

Set equal to LGDEF(1, 2).

Set to .TRUE. ifintersections of

the upper wing percent chord lines

with the body were found.

Set to .TRUE. if intersections of

the lower wing percent chord lines

with the bo@ were round.

Array that tells where in B vari-

ous arrays are stored (see Input).

The truncated upper wing percent chord

lines (part outside body) corres-

pond to j = 3, the lower to j = 4;

the upper intersection point array

corresponds to j = 8, the lower

to j = 9. An array starts in
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

NU

= B(LOK(1, j)). LOK(3, j)= total

number of elements in array.

LOK(2, j)= number of percent

lines ifj = 3 or 4. LOK(2, j)

is not used for j = 8 or 9.

= Error _*_A4,_.+_.._*. _r _TTTI1

is zero if success. NU(3) may

have been changed if an error

was detected; see Input, above.

ATN1

WBX

MERR

SQRT (Built-in function)

TRAV

IRSERV_ (see Appendix A)
IPAC K /

Function MERR is used to write a message "ERROR i,

CODE j IN SUBROUTINE WBXUL DURING GEOMETRIC

DEFINITION" if an error is detected.

i j_ Explanation

1 0 Either the body or wing was not successfully de-

fined. However, if both upper and lower wing

surfaces were requested but one surface failed,

this error will not stop WBXUL (provided the

body is defined).

0 _ The storage buffer, B, is not large enough or,

0 J a storage error has been detected.

4 k Error k from WBX.

The storage buffer, B, must have been initialized by sub-

routine INIBFR (see Appendix A) or its equivalent. The

original wing percent lines (stored starting in B(LOK(1, i)),

i = 1 and 2) are destroyed.

75810 = 13668
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SUBJECT:

PURPOSE :

METHOD:

FORTRAN IV Subroutine WBXX

To find the intersections of a set of wing percent chord

lines with a body surface.

The body surface is defined by an array of NB meridian

lines and a code that determines body shape between

meridian lines (see subroutine WBXUL). Each wing per-

cent line consists of a series of straight-line segments

connecting three-dimensional points. The intersection of

each wing percent chord line with the body surface is
found in turn.

The body is cut (see subroutine WBXC) by a transverse

plane that passes through the first wing percent chord

line point. In this section, normal to the X-axis, the

horizontal distance (with sign) from the percent point to

the body surface is found. This process is repeated for

successive percent chord line points until a change in

sign of the distance is detected; this means that the last

two wing points, W 1 and W 2 , for example, are on oppo-
site sides of the body surface. An iterative procedure

is now used to locate the intersection point.

Let _ be the distance along the line segment WlW 2 from

W 1 to some point W on the segment. Let f((_) be the
horizontal distance from W to the body surface. If L is

the length of W---lW2, then f(0) and f(L) have opposite signs

(because f(0) corresponds to W 1 and f(L) corresponds to

W2). Subroutine FROOTA is used to iterate on _ until

f(_) is as small as possible. The point W is then on or

very near the body surface; the corresponding point on the

body surface is taken as the intersection.

If the first wing percent chord line point is fo_wcard or aft

of the body, the transverse plane through the point does not

intersect the body; WBXX then continues to process points

until a body intersection is found. If all points so far

processed are on the same side of the body surface, and

the current point is folwcard or aft of the body, then the

previous point is taken as Wl; W2 is found by subroutine

WBXD as the intersection of the percent chord line with a

body station plane through the appropriate body end. If

all percent chord lines are processed without finding two

adjacent points on opposite sides of the body surface, the

intersection point is taken as (1030 , 1030 , 1030 ) to indicate

that no intersection point was found.
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USAGE:

SUBPROGRAMS

CALLED:

ERROR RETURNS:

DIMENSION

CALL WBXX (B,

Input: B =

NB =

W =

NW

EPS =

KODE =

NU =

Scratch: S =

Output: BW =

NU =

B(1), W(1), S(2, NB), BW(3, NW), NU(3)

NB, W, NW, EPS, KODE, S, BW, NU)

Array of body meridian lines (described

in subroutine WBXUL).

Number of meridian lines.

Array of wing percent chord lines (de-

scribed in subroutine WBXUL).

Number of percent chord lines.

Tolerance; a message will be written on

the output tape (see NU) ifthe error in

finding an intersection is greater then

EPS.

A code that determines the shape of the

body surface between meridian lines (see

subroutine WBXUL).

Error indicator array. NU(1) is not used,

on input. NU(2) is an output tape number

on which to write a message if an error

is detected; no message is written if

NU(2) < 0. NU(3) is an error message

limiter; if an error is detected, NU(3) =

(NU(3) - 1). Then if NU(3) > 0 and NU(2)

> 0, an error message is written.

Storage for sections through the body.

Array of intersection points (xi, Yi, zi).

Error indicator array. NU(1) is zero

if no error is detected. NU(3) may have

been changed (see Input, above).

UVECN

FROOTA

TRAV

WBXC

WBXD

The following message is written (see NU) if an error is

detected: "ERROR i, CODE j IN SUBROUTINE WBXX,

WING PERCENT LINE m, POINT n."
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RESTRICTIONS:

STORAGE :

i

5

6

8

J_

2

-3

3

1

2

I0 k

11 k

12 0

Note 1:

Explanation

WBXD error; see message written by WBXD.

WBXC error; first and last points in a body section

(through a wing percent line point) have the same
z-coordinate.

WBXC error; two points in body section, near the

wing-body intersection, have the same Z-coordinate

A wing percent line point is above or below the

body section and has the same Y-coordinate as

the first or last section point.

See note 1, below.

WBXC error k in iteration loop.

FROOTA error; see note 1.

Iteration to find intersection did not converge; see
note 1.

Machine error or program error.

If a wing percent chord line intersects the body surface more

than once, only one intersection point will be found. Body

sections in the wing-body intersection region must be single-

valued in y as a function of z. Wing percent chord lines

must have at least one point that lies between body station

planes through the body ends. A percent chord line inter-

section will not be found, even though it exists, if all percent

points except the last are forward (or aft) of the body.

58410-- 11108
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine WING

To serve as control program for wing paneling subroutines.

Program uses a series of FORTRAN IV language"CALL"
instructions to call required wing paneling subroutines.

_1 fo_v_,_,_ 1_,._1_ Cn_Mn_ _t_t_mentl ne program "_ the " ...._
that is also in all lower level wing geometry paneling sub-
r outines,

COMMON /COM2/ IJ, NPTS(16), X(90, 16), Y(90, 16),

Z(90, 16), KPNT, VALUE(5), YCEPT(16), SLOPE,

KPANEL(2, 15), XCOR(16, 16), YCOR(16, 16), ZCOR(16, 16)

XINT(2, 15), YINT(2, 15), ZINT(2, 15), XCEN(15, 15),

YCEN(15, 15), ZCEN(15, 15), XCON(15, 15), YCON(15, 15),

ZCON(15, 15), AREA(15, 15), ARAT(15, 15), THETA(15, 15),

ALPHA(15, 15), CHORD(15, 15), XFOIL(16, 25, 2),

ZFOIL(16, 25, 2), XNUM(16, 2), XTABl(25), ZTAB1(25),

XTAB2(25),

IJ

NPTS

Z TAB2(25)

= Code for internal program control.

= Number of points on the successive wing

percent chord lines that define the wing.

x}Y

Z

x, y, z coordinates of points

on wing percent chord lines.

KPNT

VALUE

YCEPT

SLOPE

KPANEL

Input constant

Input array.

y-intercepts of wing cutting planes.

Slope (dx/dy) of outboard wing edge.

Code for wing panel type. If KPANEL

(I, J) = 1, additional subpanel corner

point is located on trailing edge. If

KPANEL(I, J) = 2, point is located on

leading edge. Note this code is deter-

mined only for panels on inboard column

if body and wing intersect in nonstream-

wise line, and for panels on outboard

edge if outboard edge is a nonstream-
wise line.
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/
K PANEL--I K PANEL =2

XCOR /
YCOR

ZCOR

XINT

YINT

ZINT

XCEN IYCEN

ZCEN:

XCON IYCON

Z CON

AREA

ARAT

THETA

ALPHA

XFOIL /
Z FOI L

XNUM

XTAB 1

XTAB 2

ZTABI

Z TAB 2

x, y, z coordinates of wing

panel corner points.

= x, y, z coordinates of addi-

tional wing panel point.

= x and y coordinates of wing panel
centroid.

= Wing panel thickness ordinate.

= x and y coordinates of wing panel

control point.

= Wing panel camber ordinate.

= Wing panel area.

= Ratio of subpanel area to panel area.

= Wing panel thickness slope.

= Wing panel camber slope.

= Input arrays.

= Temporary storage arrays used in sub-

routine slope.

USAGE : COMMON (See subroutine OPCAMI for description of un-

labeled COMMON)

CALL WING
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SUB PROGRAM S

CALLED: INPU TW

CRNRW

AREAP

CENTRD

CNTRLW

CHORDW

SLOPEW
OUTPTW

ERROR RETURNS:

STORAGE:

Error message indicates whether error occurred in cal-

culation of wing panel geometry.

22010 = 3348
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SUBJECT :

PURPOSE :

M E THOD:

FORTRAN IV Subroutine WING1

To read data cards that describc a wing by a planfomn and

a set of control airfoils, and put this data in a standard
form suitable for other subroutines.

All of the data cards described in the attachment to sub-

routine WINGA are read. After the first three cards are

read and checked, appropriate i_fformation is written on the

output tape. Then storage is reserved in a buffer for vari-

able length and scratch arrays (see Appendix A). Points

describing the planform are read from cards 4 and 5. Sub-

routine WING1A is called to read cards t;, 7. and 8, scale

the control airfoils to fit on the plalfform, and find the

leading and trailing edge points corresponding to each air-

foil. The original planform is assumed to be straight be-

tween given points; a new plalfform is constructed by

joining the airfoil leading edge points and the trailing edge

points. These planforms may differ as shown below.

• ORIGINALPLANFORMPOINT

_3_.... /% REVISEDPLANFORMPOINT
CONTROL! /" _"_-_-._.__-...'"

AIRFOIL'-4"I /
I / / "z" WING-TIP

/ ,,/_--CONTROL
_X/I _ z_ AIRFOIL

USAGE :

After releasing scratch storage from the I:)uffer, B, the

percentages at which wing percent chord lines are to be

constructed are read and checked. If an error is detected,

a message is written.

DIMENSION B(1), DAT(2), KOD(2), TITLE(12), NU(3)

LOGICAL LOGUL(2)

CALL WING1 (B, LI, LO, DAT, LLETE, LOGUL, NAF,

NPL, LAFN, LPCT, KOD, CHD, EPS,

TITLE, NU)

Input: LI - Input tape number.

LO = Output tape number.
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Output:

DAT =

NU --

S

LLETE =

LOGUL =

NAF =

NPL =

LAFN =

Date (alphameric).

Error indicator array: NU(1) is not

used on input. NU(2) is an output tape
number on which to write a message if

an error is detected; no message is

written if NU(2) < 0. NU(3) is an error

message limiter; if an error is detected,

NU(3) = (NU(3) - 1). Then if NU(3) > 0

and NU(2) > 0, an error message is

written.

Storage buffer for variable-length arrays.

Array containing the intersection points

(Xi, Yi) of the control airfoil with the

wing leading and trailing edges is stored
starting in B(LLETE). The point corre-

sponding to the first airfoil, leading edge,
is stored first, followed by the point for

the trailing edge. The intersection points

corresponding to the remaining airfoils

are similarly stored. This array corre-

sponds to the PT array in subroutine
WINGIA.

LOGUL(1) = . TRUE. if the upper wing

surface is defined; LOGUL(2) = . TRUE.

if the lower wing surface is defined.

Number of control airfoils.

Number of wing percent chord lines.

An array, starting in B(LAFN) tells

where, in B, the control airfoil points
are stored and the number of elements

(twice the number of points) in the air-

foil upper or lower surface. This array

is the same as array NAME in sub-

routine WING1A. The elements in this

array are type INTERGER, although B

is type REAL. The first four elements

apply to the first airfoil, the second
four elements to the second foil, etc.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

LPCT

KOD

CHD

EPS

TITLE

NU

= Array of percentages (to specify set of

wing percent chord lines) is stored

starting in B(LPCT).

= See ACODE and PCODE, card 3 (de-

scribed in subroutine WINGA).

= See CHD, card 2.

= See EPS, card 3.

= See TITLE, card 1.

= Error indicator array. NU(1) is zero

if no errors are detected. NU(3) may

have been changed if an error was found

(see Input, above).

WING 1A

MERR

IDLETE

IRSERV

IPACK

(See Appendix A)

Function MERR is used to write an error message "ERROR

i, CODE j IN SUBROUTINE WING1 DURING GEOMETRIC
DEFINITION" if an error is detected.

i_ j_ Explanation

1 0

2 0

WUL (see card 2) is not 0., 1., or 3.

PNLE, PNTE, AFN, or PLN (see card 2) is less

than 2 or greater than 150. However, this is not
considered a fatal error.

3 0

5 0

8 0

9 0

The storage buffer, B, is not large enough or a

storage error has been detected.

7 k Error code k from subroutine WING1A.

I0 0 A percentage (see card 9) is less than zero or

greater than 100.

None

80210 = 14428
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SUBJECT:

PURPOSE :

METHOD:

USAGE :

FORTRAN IV Subroutine WING1A

To read data cards that define a set of control airfoils, to

compute points on the airfoils (scaled to fit planform), and

to find the intersections of each airfoil with the planform.

........... _".... _'_i'.ii on
the leading edge and another set on the trailing edge;

adjacent points of each set are considered to be connected

by straight lines. A card is read (eard 6, see WINGA)

that determines the placement of the airfoilon the plan-

form and the number of points on the upper and lower

surface of the airfoil. After these data are written, the

intersections of the control airfoiland the planform

leading and trailingedges are found. The airfoilchord

length is the distance between these intersections.

A given code determines whether the upper wing, the lower

wing, or both, are defined. Depending on this code, sub-
routine WING1B is called once or twice to read cards 7

and/or 8. These cards contain points (U., V.) which deter-
1 1

mine shape of the control airfoil. The points are scaled so

that the magnitude of the difference of the U-coordinates

of the first and last point is equal to the chord length (as

computed from the planform). The scaled points have

coordinates (U', Z) where U' is distance along the airfoil

and Z is in the wing coordinate system. WING1B also

writes airfoil data on the output tape. A control airfoil

is considered to be a single point if only a single point is

given or if the first and last given points have the same

abscissa; in either case no scaling takes place, and the

ordinate of the first point will be taken as Z. If the se_

of given control airfoil points contain n > 2 points and has

a nonzero chord length, but the true chord length (from the

planform) is zero, then the sealed airfoil will have n points

with all coordinates (0, 0); this is an alternate way of spec-

ifying a point airfoil in the x,y plane.

DIMENSION B(1), NAME(2, 2, 1), LPLF(2), NLTEP(3),

PT(2, 2, i), TITLE(12), DAT(2)

LOGICAL LOGUL(2)

CALL WING1A (B, NAME, LPLF, NLTEP, LOGUL, PT,

LI, LO, TITLE, DAT, MU)
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Input: B

LPLF

NLTEP(1)

NLTEP(2)

NLTEP(3)

LOGUL

LI

LO

TIT LE

DAT

= Storage buffer for variable length

arrays.

-- The points (X i, Yi ) that define the

leading edge of the wing are stored

starting in B(LPLF(1)); similarly,

the points on the trailing edge start

in B(LPLF(2)).

= Number of points on the leading edge.

= Number of points on the trailing edge.

= Number of control airfoils = NAF.

= LOGUL(1) = .TRUE. if the upper

wing surface is to be defined;

LOGUL(2) = . TRUE. if the lower

wing surface is to be defined.

= Input tape number.

= Output tape number.

= Title (alphameric)

= Date (alphameric)

Output: B

NAME

PT

MU

= Storage btfffer for variable length

arrays.

= Array that tells where in B the con-

trol airfoil points are stored, and the

number of elements in each airfoil.

The points (U., Zi) for airfoil j are
stored startinlg in B(NAME(1, i, j)),

where i = 1 for upper surface of the

airfoil, i = 2 for lower surface of the

airfoil. The corresponding number

of elements {twice the number of

points) is stored in NAME{2, i, j).

= Array containing the intersections

(X., Y.) of the control airfoils with
1 1

the leatting and trailing edges of the

wing. The X-coordinate of the inter-

section of control airfoil j with edge i

is stored in PT(1, i, j), where i = 1

for leading edge, and i = 2 for trailing

edge; similarly, the Y-coordinate is

stored in PT(2, i, j).

= Error indicator, which is zero for

Success.
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SUBPROGRAMS

CALLED :

ERROR RETURNS:

RE STRI CTIONS:

STORAGE :

DISPTA

WINGIB

SIN (Built-in function)

POLXN

COS (Built-in function)

IRSERV (See Appendix A)

See WINGA, card 6, for explanation of symbols.

MU = 5 AFK is not 1., 2., or 3.

MU = 6, 7 YL (or YT) is outside the range of the lead-

ing edge (or trailing edge). If AFK = 1. or

2., MU = 6, if AFK = 3., MU -- 7.

MU -- 8 The control airfoil (defined by AFK,

BETA, YL, YT) does not intersect the lead-

ing edge (or trailing edge) in exactly one point.

MU = 9 AFNU or AFNL is zero, indicating that this

control airfoil has the same shape as the

previous airfoil, but this is the first airfoil.

MU = 10 The storage buffer, B, is not large enough

to store the control airfoil points,

MU = 11 This control airfoil has the same shape as the

previous airfoil, but the previous one was a

single-point airfoil.

The given control airfoil points are not checked to see that

they have reasonable values. The storage buffer, B, must

have been initialized by subroutine INIBFR (Appendix A) or

its equivalent.

71910 = 1317_
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SUBJE CT:

PURPOSE :

METHOD:

USAGE :

FORTRAN IV Subroutine WINGIB

To read and write data points describing a control airfoil

and to scale both coordinates ot each point so thatthe air-

foilhas a given chord length.

After reading the control airfoilpoints (see NOTE, below),

from an input tape, the point coordinates are written on an

output tape. The chord length of a control airfoilis taken

as the magnitude of the difference in X-coordinates of the

firstand lastpoints. Then the airfoilis scaled by multi-

plying both coordinates of each point by the ratio of a given

chord length to the computed chord length.

An option is provided so that instead of reading control air-

foilpoints from cards, a given array of points is used; there-

after, the procedure isthe same. This feature is useful

when processing a series of airfoilswhich are similar to a

preceding airfoil. Instead of writing out the (unsealed) points,

the remark "THE GIVEN ....AIRFOIL IS THE SAME AS

PRECEDING ONE" is written.

An error code is returned ifa control airfoilhas less than

two points or ifthe computed chord length is zero. Then

the remark "THE AIRFOIL IS A POINT" is written. Since

a single-point control airfoilmay be legitimate, the calling

program can take appropriate action.

DIMENSION B(1), A(1)

CALL WINGIB (LI

Input: LI =

LO =

UL =

CHORD =

NB =

B z

NA =

, LO, UL, CHORD, NB, B, NA, A, Nt

Input tape number.

Output tape number.

Hollerith word '_PPER" or "LOWER."

Chord length of the control airfoil.

Number of elements (twice the number

of points) in array B.

Array of points in a given control airfoil,

stored (x 1, z1, x 2, z 2 .... ). Bisnotused
unless NA < 2.

If NA < 2, this control airfoil is similar

to the given airfoil, B, but has a chord

length = CHORD; the airfoil points in B will
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SUBPROGRAM

CALLED:

ERROR RETURNS:

RESTRICTIONS:

STORAGE :

NOTE :

Output" NA

A

NU

be used instead of being read from

cards. If NA _ 2, NA is the number

of elements (twice the number of points)
in the control airfoil. NA elements will

be read on tape LI.

Twice the number of points in A.

Array of NA/2 points in the control

airfoil, scaled to chord length =

CHORD, and stored (x 1, zl, x2, z 2,. • .).

Error indicator, which is zero for

success.

None

NU = -1 if the control airfoil has less than two points or

if the first and last point have the same x-coordinate.

NU = 1 if NA is less than 2 (on input), and NB is less
than 4.

A warning message is printed if the points in A are not in-

creasing in x, but this condition is not considered to be an

error.

33210 = 5148

See cards 7 or 8, Wing Input Data Format (attachment to
subroutine WINGA).
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SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV SubroutineWING2

To construct three-dimensional points onwing percent
chord lines (correspondingto given control airfoils),
and, if required, to interpolate additional points.

The input includes NAF control airfoils and NPL per-
cent values. It is necessalwto compute NAF points
(X., y., Z.) oneach of the NPL percent chord lines.

1 1
A poin_ corresponding to a particular control airfoil

and a percent chord line is found thus:

Z-

L Up UT

CONTROLAIRFOIL

U
X

_-.y

I GE

LINE
TRAILINGEDGE

PT_XT,YT_

PLANFORM

A set of points (Ui, Zi) which describe the control airfoil
is illustrated in first figure above. The (X, Y) coordinates

are given for points PL and PT' shown in second figure.
The control airfoil is to be placed on the planform so that

U L corresponds to PL, and U T to PT; the U-coordinates
of the airfoil may require scaling to do this, but the

Z-coordinates are not to be scaled. Let p = percentage/100.
Then

Xp = (1 -p) X L + pX T

Yp = (1-P)YL + PYT

Up = (1 -p) U L + pU T
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US AGE :

The value of Zp is found by interpolation (using subroutine
BITURP) from the control airfoil points (U i, Z i) at U = Up,

if a control airfoil is described by only one point, X p =

XL, Yp = YL, and Zp = Z L.

After the basic percent chord lines are computed, they are

w_;++ .... the output t_ by subroutine WING2P. Sub-

routine RICHNA is then called to remove any near-coincident

points in each percent chord line, to interpolate additional

points (if CHD > 0.), and to place a "header" (table of

contents) in front of the array. If both upper and lower wing
surfaces are defined, the entire process is repeated for the

lower surface. Then the control airfoil point arrays and the

NAME array are deleted from buffer B, since they are no

longer needed.

DIMENSION B(1), LOK(3,2), KOD(2), PLT(2,2,NAF),

NAME(2,2,NAF), PCT(NPL), TITLE(12), DAYT(2), NU(3)

LOGICAL LGDEF(3, 6), LOGUL(2)

CALL WING2 (B, LO, LGDEF, LOK, LOGUL, NAF,

NPL, LAFN, KOD, PLT, NAME, PCT, CHD, EP, TITLE,

DAYT, NU)

Input: B = Storage buffer for variable length arrays.

LO = Output tape number•

LOGUL = LOGUL(1) =

NAF =

NPL =

LAFN =

KOD =

PLT =

• TRUE. if upper wing is

defined;

LOGUL(2) = .TRUE. if lower wing is
defined.

Number of control airfoils.

Number of percent chord lines.

The array NAME starts in B(LAFN);

that is, the location in core of NAME

(1, 1, 1) is the same as the location of

B(LAFN).

Interpolation codes. KOD(1) is used

by subroutine BITURP: KOD(2) is used

by subroutine RICHNA. (See ACODE

and PCODE, card 3, subroutine WINGA.)

Array of coordinates (X i, Yi) of inter-
section points of control airfoils with

the leading and trailing edges of the
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NAME =

PCT =

CHD =

E1) =

TITLE =

DAYT =

NU =

Output: B =

LGDE F =

wing. The intersection point of the kth

control airfoil with edge j is stored

starting in PLT (1, j, k), where j = 1

for leading edge, = 2 for trailing edge.

PLT corresponds to B(LLETE) in sub-
routine WING1.

An array that tells where in B the con-

trol airfoil points are stored, and the
number of elements in each airfoil. The

points (U'i, Zi) for control airfoil j are
stored starting in B(NAME(1, i, j)),

where i = 1 for upper surface of the air-

foil, i = 2 for lower surface of the air-

foil. The corresponding number of

elements (twice the number of points) is

stored in NAME(2, i, j). The NAME

arrav is generated in subroutine WING1A.

Array of percentages associated with

the wing percent chord lines.

Chord-arc tolerance. (See CHD, card 2,
subroutine WINGA. )

See EPS, card 3, subroutine WINGA.

Title (alphameric).

Date (alphameric).

Error indicator array: NU(1) is not

used, on input. NU(2) is an output tape

number on which to write a message if

an error is detected; no message is

written if NU(2) < 0. NU(3) is an

error message limiter; if an error is

detected, NU(3) = (NU(3) - 1). Then

ifNU(3) > 0andNU(2) > 0, an error

message is written.

Storage buffer for variable-length

arrays.

LGDEF(2, 1) is set to .TRUE. if upper

wing percent lines are successfully

generated; LGDEF (2,2) is set to

.TRUE. if lower wing percent chord

lines are successfully generated.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

LOK Array which tells where in B the per-

cent chord line arrays are located, and

the length of each percent chord line

array. Consider LOK(i, j). The upper

wing surface corresponds to j = i, the

lower to j = 2. The percent chord line

array, consisting of a header followed

by point coordinates (see Appendix C),

starts in B(LOK(1, j)). The number

of percent chord lines in the array is

stored in LOK(2, j). The total number

of elements in the array is stored in

LOK(3, j).

NU

RIC HNA

WING2 P

BIT URP

MERR

IDLETE I

IRLE AS

IRSERV

IPACK

Error indicator array. NU(1) is zero

if no errors are detected. NU(3) may

have been changed (see Input).

(See Appendix A)

Function MERR is used to write a message "ERROR i,

CODE j IN SUBROUTINE WING2 DURING GEOMETRIC

DEFINITION" if an error is detected.

i_ j Explanation

10}5 0

6 0

8 0

The storage buffer, B, is not large enough or a

storage error has been detected.

0

k

k

No points are given for a control airfoil (this error

should be detected in a previous subroutine).

Error k from BITURP in interpolation from a

given control airfoil to get a percent chord line

point. The control airfoil has invalid points.

Error k from RICHNA.
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RESTRICTIONS" The storage buffer, B, must have been initialized by sub-

routine INIFBR (Appendix A) or its equivalent.

STORAGE: 55010 = 1046 8
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SUBJECT:

PURPOSE:

METHOD:

USAGE:

FORTRAN IV Subroutine WING2P

To write wing percent chord lines on an output tape.

The basic wing percent chord lines, computedby subroutine
WING2, consist of three-dimensional points on the surface of
a wing. After title andheadings are written on each page, the
points are written, onepoint per line.

DIMENSION W(3, NPT, NPCT), TITLE(12), DAYT(2),
PCT(NPCT)

CALL WING2P(LO, W, NPCT, NPT, TITLE, UPLO,
DAYT, PCT)

Input: LO = Output tape number.

W = Array on NPCT percent chord lines.

Each line contains NPT points (xi, Yi'
zi).

Output:

NPCT = Number of percent chord lines.

NPT = Number of points in each percent chord
line.

TITLE = Title (alphameric).

UPLO = 6H UPPER or 6H LOWER.

DAYT = Date (alphameric).

PCT = Array of percentages, corresponding

to the percent chord lines in W.

Printout on tape LO.

SUBPROGRAM

CALLED: None

ERROR RETURNS: None

RESTRI C TIONS: None

STORAGE: 20510 = 3158
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SUBJECT:

PURPOSE :

ME THOD:

USAGE :

FORTRAN IV Subroutine WINGA

To read data cards defining a wing and construct percent
chord lines on its surface•

Subroutine WING1 is called to read data cards (see attach-

ment) that define the wing. Then subroutine WING2 con-
structs three-dimensional percent chord lines that lie on

the wing surface•

DIMENSION B(1), DAT(2), LOK(3, 9), TITLE(2), NU(3)

LOGICAL LGDEF(3, 6)

CALL WINGA (B, LI, LO, DAT, LGDEF, LOK, LWPF,

TITLE, NU)

Input: B

LI

LO

DAT

NU

LGDEF(1, 1)

(1, 2)

(i, 4)

(2, I)

(2, 2)

Output: B

= Storage buffer for variable length

arrays•

= Input tape number•

= Output tape number.

= Date (alphameric).

= Error indicator array used by

lower level routines: NU(1) is

not used on input. NU(2) is an

output tape number on which to

write a message if an error is

detected; no message is written

if NU(2) <_ 0. NU(3) is an error

message limiter; if an error is

detected, NU(3) = (NU(3) - 1).

Then if NU(3) > 0 and NU(2)> 0,

an error message is written.

= Storage buffer for variable length

arrays•

• TRUE. if upper wing was re-

quested.

• TRUE. if lower wing was re-

quested.
• TRUE.

• TRUE. if upper wing success-

fully defined.

• TRUE. if lower wing success-

fully defined.
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SUBPROGRAMS

CALLED:

ERROR RETURNS:

LOK

LWPF

TITLE

NU

(2, 4) • TRUE• if WING1 was success-

ful.

= Array that tells where in B the

wing percent chord line arrays

and wing planform point array

are located and the length of

each array• Consider LOK

(i, j). The upper wing percent

chord line array corresponds to

LOK(i, 1), the lower to LOK(i, 2);

the planform point array corresponds

to LOK(i, 7). An array starts in

B(LOK(1, j)); the total number of

elements in the array = LOK(3, j).

LOK(2, 1) = number of upper

percent chord lines, LOK(2, 2) =

number of lower percent chord lines,

and LOK(2, 7) = number of control

airfoils = number of pairs of planform

points (leading edge, trailing edge)•

= The location of LWPF is the

same as that of LOK(1, 7).

(LWPF need not have been an

argum ent. )

= Wing title (alphameric).

= Error indicator array. NU(1) is
zero if no error is detected.

NU(3) may have been changed

(see INPUT, above).

WING1

WING2

IPACK (See Appendix A )

NU(1) _ 0 if an error occurred in WING1 or WING2.

LGDEF(2, 4) will be . FALSE. if the error was in WING1,
• TRUE. if in WING2.
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RESTRICTIONS: The storage buffer, B, must have been initialized by sub-

routine INIBFR (Appendix A) or its equivalent. LGDEF(i, j),

i = 1, 3; j = 1, 2, 4 must have been set to. FALSE.

STORAGE : 15310 = 2318
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ATTACHMENT: Wing Input Data Format

Card 1

Card 2

Column

1-72

1-10

11-20

21-30

31-40

41-50

51-60

Code

TITLE

PNLE

PNTE

AFN

PLN

WUL

CHD

Explanation

Any desired title.

Number

defining

Number

defining

Number

AFN >_

airfoil.

of corner or break points

the planform leading edge.

of corner or break points

the planform trailing edge.

of planform control airfoils.

2. including the wing tip

Number of constant percent chord

lines. PLN >_ 1.

= 1. only the upper wing surface is
defined.

= 2. only the lower wing surface is

defined.

= 0. both upper and lower wing sur-
faces are defined.

Dimensional tolerance for the density

of points interpolated (between control

airfoils) on percent chord lines. If

CHD _< 0., or ifAFN 4 4., no addi-

tional points are generated. Do not

specify CHD > 0. unless every basic

percent chord line has at least four

distinct points.

Card 3 i-i0 PC ODE Code that controls the type of three-

dimensional interpolation to be used

for generating additional points on per-
cent chord lines. PCODE is not effec-

tively used on any basic percent chord
line of less than four distinct points

or if CHD _< 0.. For a more detailed

explanation of PCODE, see KD in sub-
routine RICH3A.
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Cards 4

Column

11-20

21-30

I-i0

11-20

21-30

Code

ACODE

EPS

X 1

Y1

X 2

Explanation

= 0., enriching (interpolation of addi-

tional points) is done on points pro-

jected into a plane which 'best" fits

the basic percent chord line points.

Enriched percent lines can appear

curved between control airfoils in

the planview.

= 1., enriching is done on points pro-

jected into a plane normal to the x-y

plane through the percent chord line

ends. Resulting percent lines appear

as straight lines between control air-

foils in the planview.

= 2., enriching is done as for PCODE

= 1. but resultant percent lines can

appear curved between control air-

foils in the planview.

NOT E: If PCODE = 1. or 2., and the per-

cent chord line lies roughly in a

horizontal plane (e.g., leading or

trailing edge), enriching may

not add points to the basic per-

cent line.

= 1., linear interpolation is used be-

tween points on control airfoils to

find points on the basic percent

chord lines.

= 2., biquadratic interpolation is used.

A tolerance used to eliminate coincident

percent chord line points. The basic

percent chord lines consist only of inter-

sections of percent chord lines with con-

trol airfoils. If two of these points are

closer together than El)S, one is elimina-

ted. IfEl)S _< 0., avalueof 0.01 is used.

Array of points defining the planform

leading edge, arranged in order from

inboard to outboard. There must be

PNLE point pairs, three coordinate
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Column Code

Cards 5

Cards 6

31-40

41-50

51-60

1-10

11-20

21-30

31-40

41-50

51-60

1-10

Y2

X 3

Y3

X 1

Y1

X 2

Y2

X 3

Y3

AFK

YL
b_y

/
AFK = 1.

Explanation

pairs per card. Note that the leading

edge may be modified by the program,

depending on the placement of control

airfoils on the planform.

Similar to cards 4, but for the trailing

edge.

X I

These cards, one for each control

airfoil, give the airfoil location on the

planform and the number of points on

the upper and lower parts of the control

airfoil. Each card 6 is followed by one

or more cards 7 and 8 (unless the pre-

vious airfoil is to be repeated).

Code to indicate how the control airfoil

is oriented on the planform. See

sketches below.

Y
my

YT YL

4
AFK = 2. X' AFK : 3.

11-20

21-30

BETA

YL

Two of the three quantities fl , YL' Y.T
must be given to specify the control air-
foil location. AFK indicates which two

quantities are to be used.

The angle f3, positive if as shown on

the sketches. BETA is ignored if
AFK= 3.,

YL, Y-coordinate at which the control

airfoil intersects the leading edge. YL
is ignored if AFK = 2..
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Column Code Explanation

31-40 YT

41-50 AFNU

51-60 AFNL

YT, Y-coordinate at which the control

airfoil intersects the trailing edge. YT
is ignored if AFK = 1..

Number of points on the control airfoil

upper surface. The coordinates of these

points (cards 7) follow this card. However,

if AFNU = 0., then the previous airfoil

upper surface points are used and a card 7

must no___tfollow. If WUL = 2. (upper

wing not defined), then AFNU is ignored,
and a card 7 must not follow.

Number of points on the control airfoil

lower surface. The coordinates of these

points (cards 8) follow cards 7 (or card 6

if no card 7 is used). However, if AFNL =

0., then the previous airfoil lower surface

points are used and a card 8 must not follow

If WUL = 1. (lower wing not defined), then

AFNL is ignored, and a card 8 must not

follow. Note that the leading and trailing

edge points must be included, even if they

repeat those of the airfoil upper surface.

Cards 7

Cards 8

1-10 U 1

11-20 V 1

21-30 U 2

31-40 V 2

41-50 U 3

51-60 V 3

1-10 U 1

11-20 V 1

21-30 U2

31-40 V 2

41-50 U 3

51-60 V 3

Array of points(Ui, Vi) on the control

airfoilupper surface, in increasing

order from leading edge to trailingedge.

The points will later be scaled to fitthe

planform. This card must not follow a

card 6 ifWUL= 2. or ifAFNU= 0..

Similar to card 7, but apply to the

control airfoil lower surface points.

Cards S follow cards 7 (or a card 6

ifacard 7 is not used). Acard 8
must not be used ifWUL= i. or if

AFNL = 0..
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Cards 9

Column

1-10

11-20

51-60

Code

P1

P2

P6

Explanation

Array of constant percent chord values

corresponding to the spanwise panel

edges. For example, if percent chord

lines 0, 20, 50, 100 are desired, then

Pl= 0., P2 =20", P3 = _,._ , andP4 =
I00..
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SUBJECT: FORTRAN IV Subroutine WLDM

PURPOSE :

M E THOD:

To compute the coefficients of lift, drag, and pitching

moment of the wing and the spanwise distribution of the

coefficients of lift and drag.

The force normal to a panel is given as the product of dy-

namic pressure, surface pressure coefficient, and panel area

F i = q CPi Ai

Resolving into the components normal and parallel to the

free-stream direction yields

L i = - F i • cos Oi

D i = F i ni

where n i is the component of velocity normal to the x-axis
and 8 i is the angle between the plane of the panel and a

plane parallel to the x-y plane.

The moment of force with respect to a point (x, 0, z) gives

the pitching moment.

M i = - L i(x i - x) + D i (z i - z)

where x and z are the x and z coordinates of the panel
centroids.

The coefficients of lift, drag, and moment for the entire

wing are given by NM
1

C L - q . Sw _ Li

NM
1

CD - _ Di
q • SW i=l

NM

1 _ Mi
CM = q " SW i=l

where Sw is the wing reference area, and NM is the num-

ber of wing panels.

The spanwise distribution of the coefficients of lift and drag

is given by
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USAGE:

NROW
1 _ Li

CLj - q " SW i=l

NROW

CDj = q " SW i=l
D i , j = 1..... , NCOL

where NROW is the number of panels in a chordwise column,
and NCOL is the number of chordwise columns.

CALL WLDM (NM, NROW, XP, ZP, RFAREA, AREA,

XBAR, ZBAR, ALPHAM, THETAM, CPM,

SCL, SCD, CL, CD, CM)

DIMENSION AREA(NM), XBAR(NM), ZBAR(NM),

ALPHAM(NM), THETAM(NM), CPM(NM),

SCL(NCOL), SCD(NCOL)

Input: NM

NROW

XP

ZP

RFAREA =

AREA =

XBAR =

ZBAR =

ALPHAM =

THETAM =

Output: SCL

SCD

CL

= Number of wing panels.

= Number of panels in a steamwise column.

= x-coordinate of the point about which

the pitching moments are to be calculated.

= z-coordinate of the point about which

the pitching moments are to be calculated.

Wing reference area.

Array of wing panel areas.

Array of wing panel centroid x-
coordinates.

Array of wing panel centroid z-
coordinates.

Array of velocity components normal
to the x-axis.

Array of angles between the plane of

the panel and a plane parallel to the

x-y plane.

= Array of spanwise liftcoefficients.

= Array of spanwise drag coefficients.

= Coefficientof lift.
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SUB PROGRAM

CALLED: COS

ERROR RETURNS: None

RESTRI CTIONS: None

STORAGE : 18710 =

CD

CM

2738

= Coefficient of drag.

= Coefficient of pitching moment.
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SUBJECT:

PURPOSE :

METHOD:

5. APPENDIXES

Dynamic Storage Allocation in FORTRAN

To provide a means for allocating, using, and releasing

blocks of storage on a dynamic basis during execution of

FORTRAN programs.

The buffer format is illustrated in figure 1, page 419. Each

buffer is divided into a (variable) number of arrays, some of

which may be full while others are available to be filled.
Initially the buffer contains only one array; this is empty.
The first word of each buffer is a "header" which contains

the total length of the buffer.

Each array is preceded by a "secret" header of two codes,

illustrated in figure 1, which contains the following
information:

1) Whether the array is full or empty

2) The length of the array

3) The relative address of the first word of the buffer

4) The absolute address of the array name (if the array

is full).

In using the buffer, a programmer can ignore the headers,
because the subroutines he uses will accommodate this

bookkeeping. These routines will also indicate situations

such as an overflowing buffer or reference to an array in

the buffer that is not a legitimate array.

The subroutines involved in the scheme may be divided

into three classes:

1) Basic subprograms

2) Primitive subprograms

3) User's subprograms

The first two of these classes are an integral part of the

automatic storage scheme and are discussed in more detail

below. Their structure is illustrated in figure 2, page 420.

The user's subprograms are provided by the authors of the

computing system and will call the basic subprograms into

execution. The user should never have to call a primitive

subprogram directly. When setting up an array in the

buffer, either by use of the function IADARY or by reserving

space with the function IRSERV, the user will obtain a

"name" for that array stored as a FORTRAN integer in a

cell that may be called NAME. This name is now uniquely

415



USAGE:

Basic

Subprograms:

associated with the array. If the buffer is called BUFFER,

the first word of the array will always be BUFFER(NAME)

and the ith word will be BUFFER(NAME + I - 1), regardless

of any shuffling that may take place automatically in the

buffer. However, because data shuffling may occur, the

array must always be referred to by the same NAME, which

will be kept updated automatically. Obviously, each array
can have only one name.

The following seven subprograms form the basic set which

can be called directly by the user. With the exception of

INIBFR and CLEAR they are coded in FORTRAN.

1) Subroutine CLEAR (BFRA, BFRB .... )

To reinitialize and make available for reuse any

number of buffers BFRA, BFRB ..... etc.

2) Subroutine INIBFR (BFRA, NA, BFRB, NB .... )

To initialize any number of buffers, BFRA, etc., of

length NA, etc., words. This routine must be called

before a buffer can be used.

3) Function IADARY (ARRAY, N, BFR, NAME)

To place an array, ARRAY, of length N words, into

the buffer, BFR, and to assign to it the name, NAME.
The function value will be the same as NAME unless

some error or misuse is detected, in which case it

will be negative. To circumvent the oddities of the

FORTRAN subscripting, procedure IADARY should

be used thus:

NAME = IADARY (ARRAY, N, BFR, NAME)

4) Function IDLETE (BFR(NAME))

To delete (i. e., make available for reuse) an array

in the buffer, BFR, whose name is NAME. The func-

tion value will be zero unless some error is detected,
when delection will not occur.

5) Function IPACK (BFR)

The pack a buffer, BFR, by moving all full arrays to

the beginning of the buffer and condensing all the empty

arrays into one at the end. The function value will be

equal to the length of the final empty array unless an

error is detected, when it will be negative and packing
will not occur.
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Primitive

Subprograms:

To release all cells beyond cell N in an array in the

buffer, BFR, whose name is NAME; i.e., BFR(NAME)

- BFR(NAME + N-l) are retained but BFR(NAME + N)

- the end of the array are made available for reuse.

The function value will be zero unless some error is

detected, when release will not occur.

7) Function IRSERV (N, BFR, NAME)

To reserve an array of N words in the buffer, BFR,

and to assign to it the name, NAME. The comments

under IADARY concerning function value apply also

to IRSERV.

For completeness, the eight primitive subprograms of the

scheme are briefly described here. They are all coded

in assembly language.

1) Function ARFRE (NAME)

To set up the first code word of an empty array.
FORTRAN IV version has deck name ARFREE.

2) Function ARFUL (NAME)

To set up the first code word of a full array.

3) Function ARSEC (N, NAME)

To set up the second code word of an array.

FORTRAN IV version has deck name ARSECR.

Function UFOOL(I)

To store a fixed point variable in a floating point loca-
tion. The FORTRAN IV version has deck name UFOOL

and two entry points, FOOL and IFOOL.

5) Function IBFR (A)

To locate the first word of a buffer relative to the

first word of an array.

6) Function ICODE (A)

To determine whether an array is full or empty.

7) Function LENG (A)

To determine the length of an array

8) Subroutine UPDATE (A)

To update the contents of an array name following data

shuffling in the buffer.

4)

417



EXAMPLE:

FLOWCHARTS:

An example is given in figure 3, page 421, of a program which

reads in an (?x m) and an (m x n) matrix, multiplies them to-

gether and prints out the (gx n) resultant. The input arrays

are then deleted from the buffer.

Flowcharts of all the primitive and basic subprograms of

the dynamic storage package are included. These flow-

charts are for the FORTRAN II versions. The FORTRAN

IV subprograms differ slightly because of the forward

storage of arrays and full word instead of decrement for-

mat of fixed-point variables.

SUBPROGRAM

CALLED:

EQUIP MENT:

STORAGE:

None

IBM 7094 II

FORTRAN II FORTRANIV

Subprogram Octal Decimal Octal Decimal

ARFREE i0 8 7 7

ARFUL 10 8 7 7

ARSECR 10 8 11 9

CLEAR 25 21 22 18

IADARY 273 187 255 173

IBFR 24 20 23 19

ICODE 23 19 22 18

IDLETE 65 53 62 50

INIBFR 33 27 33 27

IPACK 316 206 266 182

IRLEAS 173 123 165 117

IRSERV 42 34 45 37

LENG 4 4 5 5

UFOOL 2 2 2 2

UPDATE 14 12 13 11

TOTALS 1334 732 1252 682
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BFR(I)

2

3

4

M1+t_1" 1

4

P1

0

o ;

0 7

M1 0

Array _1

N

4

ANAME1

NOTES

For a full array:

Pi = 7

ANAMEi isthe absolute address
of the array name,NAMEi.

The word NAMEi contains
Ki as a decrementinteger.

Ki-2

Ki-1

Ki

K-2

K-1

K

N = Kj÷Mj-1

0

M1

71 Ki

0 ANAMEi

Array .i

0

Mj

7 Kj

0 ANAMEj

Array ,j (last)

For an empty array:

Pi -- 0

ANAMEi is irrelevant.

In general:
Mi is the length of the ith

array.

Ki is the first word of the
array relative to the
beginning of the buffer.

N is the total length of the
buffer.

The first code word of the
buffer and of the arrays are
illegal both as FORTRAN integers
and as floating point numbers.

FIGURE 1 BUFFER FORMAT
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IRSERV

I

IADARY I

CLEAR IRLEAS

INIBFR IPACK IDLETE

UPDATE ARSECR ARFREE

IBFR

FIGURE 2

ICODE LENG 1

STRUCTUREOF THE DYNAMICSTORAGESCHEME
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C

C

X

C

DIMENSIONBFR(1000)

CALLINIBFR(BFR,1000)

READINL

READINPUTTAPE5,1,L,M,N
FORMAT(6G)

10

NAMI=IRSERV(L*M,BFR,NAM1)
NAM2=IRSERV(M*N,BFR,NAM2)
IJ=IRSERV(L*N,BFR,NAM3)-I

K=NAMI+L---M-1
READINPUTTAPE5,1,(BFR(I),I=NAM1,K)
K=NAM2+M*N-|
READINPUTTAPE5,1,(BFR(1),I=NAM2,K)

DO20J--1,N
DO20I=I,L
IK=NAMI+I-1
KJ+NAM2+(J-1)*M

DO10K=I,M
B=B+BFR(IK)*BFR(KJ)
IK=IK+L
KJ=KJ+I

2O
IJ:lJ+l
BFR(IJ):B

CALLIDLETE(BFR(NAM1))
CALLIDLETE(BFR(NAM2)/

WRITEOUTPUTTAPE6,2,(BFR(I),I=NAM3,1J)
FORMAT(G20.6)
STOP
END(l,1,0,0,0,0,0,1,0,1,0,0,0,0,0)

FIGURE3 EXAMPLEFORDYNAMICSTORAGE
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ARFREE

ENTRY
E:>

Put argument
into accumulator
and shift into
the decrement

Add a tag
of seven

Convert from a

logical to an
arithmetic
word

Return

RETURN
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ARFUL

ENTRY
Put argument
into accumulator
andshift into
the decrement

Add prefix
and tag
of sevens

Convert froma
logical to an
arithmetic
word

Return

RETURN
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ARSECR

ENTRY
Storearray

length in

decrement

of TEMP

1
Store location
of NAME
in address
of TEMP

Put TEMP
into the
accumulator

1

I

Return • I:>

RETURN
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CLEAR

ENTRY

RestoreXR4
and decrease

it by one
Call INIBFR

1
Put argument
into the
accumulator

1
Set up
arguments
for INIBFR;
save XR4

of buffer from
its first word

_No

Return C>
RETURN
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/ADARY

,thisa
legitimatebuffe[

?

NO

ENTRY I

YES

iunction
value= adOess

ofthis aT{av

NO

NO

is the
buffer full

?

pack the
bufle_

whole buflel

beenscanned

Set function
value :=-2

Has the .

been__

RETURN

Call IRLEAS
torelease

surpluscells
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IBFR

ENTRY Obtainlocation
offirstcode
wordofarray

LoadBinto
theaccumulator

Shiftinto
thedecrement

Putthis
wordinto
theaccumulator

,1
Storethe
address

part in B

function:
to indicate

rror

Return

RETURN
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ICODE

ENTRY Load code ]

[::::=,_.. word into
MQ

NO

_Set function EXIT_

I value := TEMP

Storeprefix
in TEMP

Set function
value := -1
to indicate
an error

Return D
RETURN
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IDLETE

ENTRY

I

Set function
value := 0

Set function
value :=-1
to indicate
an error

1
Return i>

RETURN
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INIBFR

ENTRY

Set first code
word for first
empty array

1
Load argument
into accumulator

Setbuffer

headerword

to buffer length

t
Set length of
first array
:: buffer length

-3

T
Obtain
locations for
code words
of first array

Return E::=,.

RETURN
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IPACK

Is this
indeed a buffer

?

YES

Set function
value : - 1

to indicate

the error.

Is the first array
legitimate

YES

Setcounters:
J:=O
M:=4

function
value :=-2
to indicate
the error

'JSet up

codes for

final empty
array

Set

L:: length of
current array

40_ Updatefree
cell counter,

J

Set ioop

counters

.__'J Update
buffer location
counter, M

Return

,
" Call UIPDATE

l to update

I array name

[
Move thefull

array up
towards the
start of the buffer

431



IRLEAS

ENTRY
whole array to
be released

Is this a
legitimate

Call IDLETE
to delete the

whole array

Set function
value :=-1
to indicate
anerror

Return
RETURN

,_ Is the

ay full

Set

M:= length
of the array

Set function

value:-- -0
to indicate
Success

Setup code
words for the

new empty
array

Changethe
code word
for length
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IRSERV

ENTRY Call IADARY
to reserve

array

Return

RETURN
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LENG

ENTRY

[::::=,---
Put argument
into
accumulator

Maskout
address and tag

1
Return

RETURN
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UFOOL

ENTRY

Putargument
in

accumulator

RETURN
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UPDATE

ENTRY
Load location

of array name
into address
of NAME

1
Get new
addressof
array from
first code word

NAMEd

Update

array name

Return
RETURN
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5.2 Appendix B-- Matrix Inversion Package

SUBJECT:

PURPOSE:

METHOD:

FORTRAN IV Subroutine SINVRT and MAP Subroutine INV4S

To invert an n-by-n matrix and compute its determinant.

1. Before the inversion process starts, the matrix is scaled

so that the element of largest magnitude is greater than

or equal to 1/4 and less than 1/2. This is accomplished

through fixed-point addition or subtraction inthe char-

acteristic, which avoids the introduction of round-off

during scaling.

2. A theorem of matrix algebra states that for any non-

singular matrix A, there exist elementary transforma-
tions R and S such that:

RAS = I (1)

where I is the identity matrix. Because R and S are

elementary transformations, they are necessarily non-

singular which permits taking the inverse of both sides

of equation (1).

S-1 A -1 R -1 = I

Then solving for A -1 gives,

A -1 = SIR = SR

The transformations S and R are determined by re-

ducing A to the identity matrix. In INV4S R consists

of row interchanges and arithmetic operations on rows,

while S consists solely of colmlm interchanges.

3. The inversion is performed in single precision, and it

leaves a single-precision inverse and determinant.

Normal 7094 single-precision floating-point restric-

tions apply.

4. The inversion of a sparse matrix is speeded up by a

checking feature that can sense a zero reduction factor

and bypass a row reduction.

5. At the start of each reduction stage, rows and columns

are interchanged to select the element of largest magni-

tude from the remaining submatrix and place it in the

pivotal position.
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USAGE: IRR2, SCALE, DET,

SUBPROGRAMS

CALLED:

CALL SINVRT (A, K, N, IRRI,

NDETXP)

A

K

N

IRR1

IRR2

SCALE

DET

NDETXP

determinant

= Matrix to be inverted.

= Row DIMENSION statement entry for A.

= Number of rows (columns) m matrix (de-

crement integer).

= Error code from INV4S (decrement integer).

= Error code from INV4S (decrement integer).

= Error cell from INV4S.

= Mantissa part of determinant (single pre-

cision):

(1. < [DEW[ < 10.)

-- Exponent part of determinant (decrement

integer):

-(217- 1) < NDETNP < (217-1)

= DET x 10 (NDETxP)

CALL INV4S

A

N

IRR1

IRR2

SCALE

DET

NDETXP

determ inant

(A, N, IRR1, IRR2, SCALE, DET, NDETXP)

= Location of (1, 1) matrix element.

= Number of rows {columns) in matrix

(address integer).

= Error code 1 (address integer).

= Error code 2 (address integer).

= Error cell.

= Mantissa part of determinant (single pre-

cision):

(1. < [DET[ < 10.)

= Exponent part of determinant:

-(235 - 1) < NDETXP < (235 - 1)

(bIDE TXP)
= DET x 10

A. SINVRT calls INV4S

B. INV4S None
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ERROR RETURNS:

RESTRICTIONS:

Error codes for both subroutines:

IRR1 = 0 inversion successful

= 1 overflow occurred

= 2 matrix is singular
= 3 scaled inverse cannot be rescaled

without causing overflow

= 4 rows and columns cannot be rearranged

= 10 + I error code 3 occurred subsequent to
error code 1

= 20 + I error code 4 occurred subsequent to
error code 1

IRR2 = Rank if IRR1 = 2

= Reduction stage during which overflow occurred
if IRR1 = 1

= 0 for all other values of IRR1

SCALE = Scale factor if IRR1 = 3

= 0 for all other values of IRR1

If IRR1 = 1 or 2, then the matrix will be rearranged and

rescaled as though the inversion were successful, and the
determinant will be set to zero.

A. These must apply to the two routines:

1. They must be used on the IBM 7094 only.

2. The matrix is always destroyed during the inver-

sion process, since the inverse is stored over the
matrix.

3. Because of the internal scaling process, some
matrix elements will be set to zero if the ratio of

the largest to smallest magnitudes exceeds 1038 .

4. If underflow occurs, a normal zero is stored for

the answer. Overflow always results in an error
return.

5. The machine is left in single tag mode and floating

point trap mode upon return to the calling program.

B. These apply to SINVRT only:

1. The inversion is performed by INV4S.

2. The matrix to be inverted must be stored in nor-

mal FORTRAN IV order and in single precision.
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STORAGE :

TIMING:

CHECKOUT :

Co

3. During the inversion process a total of n 2 + 2n + 3

locations must be available starting at the matrix

(1, 1) element and ending at a lower core location.

This applies to INV4S only:

The total storage required is n 2 + 2n + 3.

A. SINVRT 31510 = 4738

B. INV4S 48910 = 7518

For INV4S and SINVRT, the time in seconds to invert a

matrix of order n is given by:

Time= 4.0 x 10 -5 x n 3 seconds

All of the routines were tested on various-order Hilbert

matrices and their inverses. Below is a table of the results.

Hilbert Minimum Number of Sig_ifi-

Matrix cant Figures in Inverse

Order (INV4S/SINVRT)

2 8

3 7

4 5

5 4

6 3

Also tested was the PEI matrix (Comm. A.C.M.V.5, 1962,

page 508) with various diagonal terms and various orders.

All input was single precision.

Minimum Number of Signifi-

Order of Diagonal cant Figures in Inverse

PEI Matrix Term (SINVRT)

40 i. 001 5

60 1.001 6

65 i. 00001 3

i00 i. 001 5

I00 I. 0001 4

i00 I. 00001 3

i00 i. 000001 2

i00 i. 0000001 2

i00 1.5 7

i00 i000. 7
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RECOMMENDED
USAGE:

Minimum Number of Signifi-
Order of Diagonal cant Figures in Inverse

PEI Matrix Term (SINVRT)

130 1000. 6

130 1000. 6

Below is a portion of a FORTRAN IV program which uses

SINVRT acceptably.

DIMENSION A(60, 60), B(123), D(3723)

EQUIVALENCE (A, C), (B, C(3601))

READ (5, 8000) N, ((A(I, J), J-l, N), I=l, hl)

CALL SINVRT (A, 60, N, IRRI, IRR2, SCALE, DET,

NDEWXP)

IF (IRRI) 6000,20,6000

2O

6000 WRITE (6, 9000)IRRI, IRR2, SCALE

CALL EXIT

8000 FORMAT (I10/(7F10.0))

9000 FORMAT (1H1,5X, 18H ERROR CODE 1 = I5, 14H

ERROR CODE 2=I5, 14H SCALE FACTOR =

E 16.8)

The arrayChas N 2 + 2N + 3 = 3723 cells to ensure suffi-

cient core to invert A. An extra 123 locations are then

available in B for use at other times.
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5.3 Appendix C m Tape Formats

Format 1 -- Geometry definition tape format

This tape, written by the Geometry Definition section and read by the Trans-

formation section, contains 18 binary records in the first file. Odd-numbered

records have 10 fixed-point words; even-numbered records have a variable num-

ber of floating-point words. The tape symbol is LA in subroutine OPCAMI,

LTAPE in subroutine DEFEN1 (which writes the tape), and LA in subroutine

TFLAT (which reads the tape).

Record 1: Body Stations

Word 1 = 1

2 Number of words in record 2.

3 Code* {appears after record 18, at the end of this section).

4 - 10

Record 2:

Word

Not used.

Body Stations

1 First body station.

2 Second body station.

Record 3:

Word

n Last body station.

Basic Body Meridian Lines

1 = 3

2 Number of words in record 4.

3 Code*.

4 Number of meridian lines.

5 - 10 Not used.
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Record 4:

Word

Basic Body Meridian Lines

Number of points in meridian line.

Word number of first point in meridian line.

i

i+ i

i+2

First meridian line.

Repeat for each additional meridian line.

/Y1 Coordinates of first point in first meridian line.

Z 1

Repeat for each additional point in first meridian line and con-

tinue this way for each additional meridian line.

Record 5: Wing

Airfoil or Chord)

Word 1

Planform (Leading and Trailing Edge Points for Each Control

=5

2 Number of words in record 6.

3 Code*.

4 Number of control airfoils or chords.

5 - 10 Not used.

Record 6: Wing Planform (Leading and Trailing Edge Points for Each Control

Airfoil or Chord).

Word
1 X1 / Coordinates of leading-edge point of first control airfoil

2 Y1 J or chord.

3 X2 / Coordinates of trailing-edge point of first control airfoil

4 Y2 / or chord.

Follow with leading- and trailing-edge points of remaining
control airfoils or chords.

Record 7: Basic Upper Wing Percent Chord Lines

Word 1 = 7

2 Number of words in record 8.

3 Code*.

4 Number of percent chord lines.

5 - I0 Not used.
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Record 8:

Word

Record 9:

Word

Record 10:

Record ii:

Word

Record 12:

Word

Basic Upper Wing Percent Chord Lines

1 Percent.
/ First percent

2 Number of points in percent chord line. I chord line.
3 Word number of first point in percent chord line.

Repeat for each additional percent chord line and follow with the

coordinates of each point in each percent chord line.

NOTE: The format of record 8 is identical to that of record 4

except that words 1, 4, 7, ..., 3n - 2 contain percent instead

of e, where n = number of percent chord lines.

Basic Lower Wing Percent Chord Lines

1 = 9

2 Number of words in record 10.

3 Code*.

4 Number of percent chord lines.

5 - 10 Not used.

Basic Lower Wing Percent Chord Lines

Same format as record 8.

Upper Wing-Body Intersection Points

1 = 11

2 Number of words in record 12.

3 C ode *.

4 Number of intersection points of upper wing percent chord lines

with body.

5 - 10 Not used.

Upper Wing-Body Intersection Points

1 X 1 }

2 Y1 Coordinates of the intersection of the first upper wing
percent chord line with the body.

3 Z 1

Repeat for each additional intersection point of the upper wing.
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Record 13:

Word 1

2

3

4

5 - 10

Record 14:

Upper Wing Percent Chord Lines (Outside Body)

= 13

Number of words in record 14.

C ode *.

Number of percent chord lines.

Not used.

Record 15 •

Word 1

2

3

4

Upper Wing Percent Chord Lines (Outside Body)

Same format as record 8.

Lower Wing-Body Intersection Points

= 15

Number of words in record 16.

Code*.

Number of intersection points of lower wing chord percent lines

with body.

10 Not used.

Lower Wing-Body Intersection Points

1 X 1 }

2 Y1 Coordinates of the intersection of the first lower wing

percent chord line with the body.
3 Z 1

Repeat for each additional intersection point of the lower wing.

Lower Wing Percent Chord Lines (Outside Body)

1 = 17

2 Number of words in record 18.

3 Code*.

Number of percent chord lines

Not used.

Lower Wing Percent Chord Lines (Outside Body)

Same format as record 8.

0 If this and the next record have been successfully processed.

0 An error occurred and the next record is a dummy (all zeros).

0 This option was not requested; the next record is a dummy (allzeros).

Record 16:

Word

Record 17:

Word

4

5 - 10

Record 18:

* CODE =
<

>
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Format 2 -- Geometry transformation tape format

This tape, written by the Geometry Transformation section and read by the

Geometry Paneling section of the program, contains 6 binary records in the first

file. Odd-numberedrecords have 10 fixed-point words; even-numbered records

have a variable number of floating-point words. The tape symbol is LD in sub-

routine OPCAMI, LD in subroutine TFLAT {which writes the tape), and ND4

in subroutines INPUTB andINPUTW (which read the tape}.

Record 1: Body Meridian Lines

Word 1 = 1

2 Number of words in record 2.

"3 Code* (appears after record 6, at the end of this section).

4 Number of meridian lines.

5 - 10 Not used.

Record 2: Body Meridian Lines

Word 1 $}

2 Number of points in meridian line. _ First meridian line.

)3 Word number of first point in meridian line

Repeat for each additional meridian line.

i X 1 }
i + I Y1 Coordinates of first point in first meridian line.

i + 2 Z 1

Repeat for each additional point in first meridian line and con-

tinue this way for each additional meridian line.

Record 3:

Word

Wing Percent Chord Lines

1 =3

2 Number of words in record 4.

3 Code*

4 Number of percent chord lines.

- 10 Not used.



Record 4:

Word

Record 5:

Word

Record 6:

Word

Wing Percent Chord Lines

1

2

3
Percent. }
Number of points hi percent chord line. First percent

chord line.
Word number of first point in percent chord line.

Repeat for each additional pcrcent chord line and follow with the coor-

dinates of each point in eachpercent chord line.

NOTE: The format of record 4 is identical to that of record 2

except that words 1, 4, 7, ..., 3n - 2 contain percent instead

of O, where n = number of percent chord lines.

Wing-Body Intersection Points

1 =5

2 Number of words in record 6.

3 Code*.

4 Number of intersection points of wing percent chord lines with body.

5 - 10 Not used.

Wing-Body Intersection Points

1 X 1 }

2 Y1 Coordinates of the intersection of the first wing percent chord

3 Z 1 line with the body.

Repeat for each additional intersection point.

* CODE =

<

If this and the next record have been successfully processed.

An error occurred and the next record is a dummy (all zeros).

This option was not requested; the next record is a dummy (all zeros).
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Format 3 -- Transformation data tape format

This tape, containing three records in the first file, is written by the Geom-

etry Transformation section of the program; both the Geometry Paneling and

Aerodynamics sections read the tape. The tape symbol is LB in subroutine

OPCAMI, LB in subroutine TFLAT (which writes the tape), ND1 in subroutine

INPUTB (which reads only the first record), and NTAPEB in subroutine INTAPE

(which reads all records).

Record 1

Word 1

2

3

4

5

6

x / Componentsof a unit vector (in original coordinate

Y I system) along the x axis of the new coordinatez system.

zA z coordinate of the transformed and flattened wing.

/ An original body station X is related to the new body

/ station x by x = aX+fl.

Record 2

Word NRX Number of triplets (x i, r i, z i) in record 3.

INDEX For INDEX= j. The triplet (xi,r i, zi) corresponds to

the intersection of the leading edge of the wing with the

body surface (see record 3).

Record 3

After the body has been transformed to a new coordinate system such that the

new x axis passes through the centers of body ends, the body radius and centroid

is found at a number of body stations. Let x - body station, r = body radius, and

z = z-coordinate of body centroid.

Word 1

2

3
x}r x, r and z at first body station.

z

Repeat until the record contains NRX triplets.
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Format 4 -- Geometry Paneling tape format

This tape is written by the Geometry Paneling section for use in the Aero-

dynamics section. The tape symbol NTAPE2 is used in the Geometry Pmleling
section and NTAPEC is used in the Aerodynamic section. The sample format

given below is that used for a case requiring bothbody and wing paneling. It

shouldbe noted that parts 1, 2, and 3 are deleted for a case that involves only

wing paneling and that the tape is not written for a body-alone case. Body

paneling data are written in parts 1, 2, and 3 and data for wing paneling in parts
4, 5, and 6; panel corner point coordinates are output in parts 1 and 4 m_dthe

additional geometry in parts 2 and 5. One-, two-, andthree-records are

written in parts 1 and 4 for panels of one, two, and three parts respectively.

For these two tapeparts, the initial record of each record set always has the
format of record I as given below and the remaining records of the set have the

format described for record 2. A single record is written per panel in parts
2 and 5.

Part 1

Record 1

Word 1

2

4

5

7

8

10

11

Body panel number.

Number of body panel parts.

Coordinates of inboard leading-edge corner point (firstpanel

part).

Coordinates of outboard leading-edge corner point (first panel

part).

Coordinates of inboard trailing-edge corner point (firstpanel

part).
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Record 2

Word

12

13

14

i}2

3

5

6

8

9

ii

12

Coordinates of outboard trailing-edge corner point (first panel

part).

Coordinates of inboard leading-edge corner point (second panel

part).

Coordinates of outboard leading-edge corner point (second panel

part).

Coordinates of inboard trailing-edge corner point (second panel

part).

Coordinates of outboard trailing-edge corner point (second panel

part).

These records are repeated for additional body panels as indi-

cated abovc.

Part 2

Record 1

Word 1

2

3

4

5

6

7

8

9

Body panel number.

Coordinates of body panel centroid.

Coordinates of body panel control point.

Body panel area.

Body panel @ -inclination angle.
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Part 3

i0

Ii

Body panel {_ -incidence angle.

Body panel (streamwise) chord length.

This single record is repeated for each additional body panel.

Record 1

Word

Part 4

1

2

Number of body panels per column.

Fractional value (XPER) used to calculate streamwise location

of panel control point (see subroutine PANEL).

This is the only record written for this part.

Record 1

Word

Record 2

Word

1

2

3

4

5

6

7

8

9

10

11

12

13

14

}

}

Wing panel number.

Number of wing panel parts.

Coordinates of inboard leading-edge corner point (first panel

part).

Coordinates of outboard leading-edge corner point (first panel

part).

Coordinates of inboard trailing-edge corner point (first panel

part).

Coordinates of outboard trailing-edge corner point (first panel

part).

Coordinates of inboard leading-edge corner point (second panel

part).
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Part 5

4

5

6

7

8

9

10

11

12

}
}

Coordinates of outboard leading-edge corner point (second

panel part).

Coordinates of inboard trailing-edge corner point (second panel

part).

Coordinates of outboard trailing-edge corner point (second

panel part).

Record 1 or records 1 and 2 are repeated for additional one-

or two-part wing panels as indicated above.

Record 1

Word

Part 6

Record 1

Word

1

2

3

4

5

6

7

8

9

10

11

Wing panel number.

Coordinates of wing panel centroid.

Coordinates of wing panel control point.

Wing panel area.

Wing panel thiclmess slope.

Wing panel camber slope.

Wing panel (streamwise) chord length.

This one record is repeated for each additional wing panel.

Number of wing panels per column.

Fractional value (XPER) used to calculate streamwise location

of panel control point (see subroutine PANEL).

This is the only record written for this part.
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Appendix D -- Subroutine Listings

Listings of the subroutines in the following index are given in this appendix.

Subroutine Index

Subroutine Page No. Subroutine Page N O.

AERO 455 CVE L 508

ALPHAB 456 DCPD 509

AMATE 457 DCPI 510

AREAP 458 DE FE NI 511

ARFRE E 459 DE FE ND 512

ARFUL 461 DISPTA 515

ARSE CR 462 DMAXL 516

BCUTX 464 E LLIPR 517

BITURP 465 ENRYCH 518

BLDM 467 EVAL 522

BODCR 468 FASNCS 529

BODY 471 FATNI 533

BODY1 473 FDATE 538

BODYIM 476 FFSF 541

BODYIR 478 FFSR 545

BODYIS 480 FORCES 548

BSCALE 482 FROOTA 561

CAMBW 483 FTAN 564

CAMBWB 484 FVIO 568

CEGAR 485 GEOMD 570

CENTRD 486 IADARY 572

CHE CK 487 IBFR 573

CHORDW 488 ICODE 575

CLEAR 490 IDLETE 577

CLOK 492 INIBFR 578

CNTRLB 493 INOUT 580

CNTRLW 495 INPUTB 582

CP 497 INPUTW 587

CRNRB 498 INTAPE 591

CRNRW 503 INTPOL 595
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Subroutine

INTURP

INV4S

INVBB

INVRW

INVW

IPACK

IRLEAS

IRSERV

KARMOR

LE NG

MDMATE

MEAN

MERR

NWEED

OPCAM

OPCAMI

OPTIM3

OPTMW

OPTMWB

OUTB

OUT l_FB

OUT PTW

OUTW

PANE L

PARTV

POLXN

QRAT

READ

REDUCE

RICH3A

RICHNA

RITE

SINVRT

SLOPEW

Page

596

597

611

u±2

613

614

615

616

617

621

622

624

625

626

627

629

63O

632

633

634

635

64O

646

647

648

649

651

652

653

655

658

66O

662

664

No. Subroutine

TDUMP

TFLAT

TFLAT1

TFLATM

TFLATW

TFLATX

THETAB

TRAPCT

TRAV

TROT PT

TVE L

UFOOL

UN07

UN08

UN09

UPDATE

UVECN

VCROS

VDOT N

VDOTP

WBX

WBXA

WBXC

WBXD

WBXUL

WBXX

WING

WING1

WING1A

WING1 B

WING2

WING2 P

WINGA

WLDM

Page

673

674

683

684

686

688

689

690

691

692

693

695

696

697

698

699

701

7O2

7O3

7O4

7O5

710

711

712

714

717

722

724

728

731

733

735

736

737

No.
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